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There's no ploce where rust or ice con 


form to interfere with the functioning of 
the Mathews Modernized Hydrant. The 
operating thread is above the woter, 
seporated from it by the stuffing box 
plate. This plate is cast integral with the 
nozzle section and, with the pocking, 


provides a positively leakproof con 
struction 
MATHEWS MODERNIZED HYDRANTS 
SET THE PACE: fasily maintained, 
because simple in construction « All 
working parts contained in replace 
thle barrel Stuffing box cast in 
tegral with nozzle section Head can 
q : be turned 500° e Replaceable head 
7 Nozzle utlets are easily changed 
Nozzle levels « in be raised or lowered 
f without excavating e Protect mm case 
of “Sand-Spun” cast iron for extra 
strength toughness and) elasticity 
; Operating thread only part to be 
lubricated A modern barrel makes 
in old Mathews good as new Avail 
; ible in sizes 4° to LOe with mechani 
eal point pipe connections 
Made by R. D. Wood Company 
Sha Public Ledger Bidg., Independence Squar 
ublic Ledger ependence Square 
Manufacturer and Spw Pipe (centrifugally cast in 
THE FIREMAN'S FRIEND sand molds) and R Wood Gate Vaive 
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ABOVE: Continuous walls of 
dense, smooth concrete which 
cannot tuberculate or corrode 
assure permanent high carry- 
ing capacity to Lock Joint 
Concrete Pressure Pipe. 


Tuberculated mains—corroded mains—leaky mains 
~—all cost municipalities, taxpayers and industry 
immense sums every year in added pumping costs, 
maintenance and repairs. Yet, by the use of Lock 

j ABOVE: The tuberculated condi- 
Joint Concrete Pressure Pipe, all of this unneces- ti of this metallic pipe reduces 
sary expense could be eliminated. its carrying capacity 50%. 


1. LOCK JOINT PRESSURE PIPE 2. LOCK JOINT PRESSURE PIPE 


does not tuberculate... does not corrode... 


No excessive pumping costs No cost for major repairs 
RESULT No periodic cleaning costs RESULT No cost for periodic patchwork 


No loss of income from inade- No loss of revenue while the 
quate delivery of water. line is closed for repair. 


Consider these facts when you plan your next water supply or transmis- 
sion main and specify Lock Joint—the pressure pipe of perpetual economy. 


LOCK JOINT PIPE COMPANY 


Eat. 1905 
P.O. Box 269, East Orange, N. J. 


Pressure Pipe Plants: 
Wharton, N. J. © Turner, Kan. * Detroit, Mich. 


* 

* 

* 

BRANCH OFFICES: Casper, Wyo. « Cheyenne, Wyo. + Denver, 

Col, + Kansas City, Mo. - Valley Park, Mo, “hic * 

Rock Island, Ill. Wichita, Kan, Kenilworth, N. J 

Conn. + Tucumcari, N. Mex. « Oklahoma City, Okla. « Tulsa, Okla. * 
* 
* 
* 


Lock Joint Pipe Company for over forty years has ape- 

cialized exclusively in the manufacture of reinforced 

concrete pipe for water supply and tranemission mains 

- well as for sewers, culverts and subaqueous instal- 
tions. 
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ROM the above, you can realize 

that it is just as important to 
MAINTAIN your meters properly as it is 
to put them in. Antigo proved this, over a 
ten-year period. The figures speak for them- 
selves. 

The cost of pumping, treating, storage, 
etc., of water saved by water meters properly 
maintained, plus savings in sewage disposal, 
is substantially more than the cost of proper 
meter maintenance. 


Branch Offices in Chicege, San Francisco, Los Angeles, Portland, 
Denver, Delleas, Kenses City, Lovisville, Atlante, Besten. 
NEPTUNE METERS, LTD., Leng Branch, Ont., Conede 
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i! 
Metering Alone.is NOT Enough... 
| prayer the value of NUENA A MAINTEN ANCE 
Wumber of Services....; 1693.) 2375 | 
| of Pumping........:| 38.5% || 89.3% | 4 
| Annual Consumption... 219.110 ||109,000 
4 
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New improved 
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Painted for U. S. Pipe & Foundry Co. by Paul Laune 


Tmagine that you have just 
heard about cast iron pipe for the 
first time! Would you not be eager 
to buy some? For what other pipe 
material used in constructing 
underground mains is as inexpen- 
sive to maintain? What other 
pipe material has a proved ser- 
vice record of over 100 years in 
city streets? What other pipe material has all the 
strength factors of long life that should be required 
of pipe to be laid in city streets? Our product has 
lived up to the best traditions of cast iron pressure 
pipe for 51 years. United States Pipe and Foundry 
Company, General Offices: Burlington, New Jersey, 
Plants and Sales Offices Throughout U. S. A. 
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HEAVY DUTY MIDGET — ideo! chemical 
feeder for fluoridation of small or me- 
dium sized water systems at pressures 
up to 85 psi. 


HEAVY DUTY CHEM-O-FEEDER—cvail- 
able in Simplex, Duplex, and Triplex 
models, for pressures to 125 psi cond for 
the widest range of fivoridation re- 
quirements. 


%PROPORTIONEERS% 
OFFERS A COMPLETE LINE OF 
ACCURATE EQUIPMENT WITH 
ACCESSORIES FOR AUTOMATIC 
AND PROPORTIONAL HANDLING 
OF FLUORIDE COMPOUNDS. 


Fluoridation Equipment 


Whatever fluoride compound you se- 
lect, %Proportioneers% has the Chem- 
ical Feeder to do the fluoridation job 
accurately, safely, dependably. Re- 
gardless of the size of the community— 
small town, city, or great municipality— 
it’s the natural thing for water works 
men to pick %Proportioneers% Feed- 
ers for fluoridation of water supplies. 
Buyers of %Proportioneers% equip- 
ment profit from our more than five 
years of experience in this modern 
water treatment technique. For en- 
gineering Bulletin SAN-9, the complete 
story on fluoride feeding, write 
%Proportioneers, Inc.%, 365 Harris 
Ave., Providence 1, Rhode Island. 
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COMING MEETINGS 


September 13-14—West Virginia Section at Prichard Hotel, Huntington. 


October 


Acting Secretary : H. K. Gidley, Director, Div. of San. 
Eng., State Health Dept., Charleston 5, W.Va. 


19-21——Wisconsin Section at Hotel Raulf, Oshkosh. Secre- 
tary: L. A. Smith, Supt. of Water Works, City Hall, 
Madison 3, Wis. 


27-29-—-Rocky Mountain Section at La Fonda Hotel, Sante 
Fe, N.M. Secretary: G. J. Turre, San. Engr., Board 
of Water Comnrs., Box 600, Denver, Colo. 


28-29-—Ohio Section at Neil House, Columbus. Secretary: 
F. P. Fischer, Sales Engr., Wallace & Tiernan Co., 
812 Perry Payne Bldg., Cleveland 13, Ohio. 


1-3— Missouri Section at Sheraton Hotel, St. Louis. Sec- 
retary: W. A. Kramer, Div. of Health, State Office 
Bldg., Jefferson City, Mo. 


11-13—Alabama- Mississippi Section at The Battle House, 
Mobile, Ala. Secretary: John L. Snow, Dist. Engr., 
Layne-Central Co., 601 First National Bank Bldg., 
Montgomery 4, Ala. 


15-18—Southwest Section at Hotel Roosevelt, New Orleans, 
La. Secretary: L. A. wo Mgr.-Engr., Little 
Rock Municipal Water Works, Robinson Memorial 
Auditorium, Little Rock, Ark. 


18-20——Pennsylvania Section at Hotel Roosevelt, Pittsburgh, 
Pa. Secretary: L. S. Morgan, Div. Engr., Penna. 
Dept. of Health, 415 First Natl. Bank Bldg., Greens- 
burg, Pa. 


23-25—Southeastern Section at Fort Sumter Hotel, Charles- 
ton, S.C. Secretary: T. A. Kolb, San. Engr., State 
Bd. of Health, Wade Hampton Bldg., Columbia, S.C. 


23-25—Kentucky-Tennessee Section at Peabody Hotel, Mem- 
phis. Secretary: R. P. Farrell, Director, Div. of San. 
Eng., State Dept. of Public Health, 420—6th Ave., N., 
Nashville 3, Tenn. 


(Continued on page 9S) 
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_ APPLIED TO MAINTENANCE CLEANING. 


Railroad asked: 
a “Can you clean water 
lines in place?”’ 


Dowell Service cleaned over 8600 feet of buried water line in six days 


You don’t have to dig up water lines in order 
to clean them! Take the case of a major rail 

that had over 8600 feet of buried water lines, 
ranging from 2 to 12 inches in diameter. The 
capacity of these lines had been greatly reduced 


cleaned efficiently, economically by Dowelf 
Service. If you have boilers, condensers, evap« 
rators, bubble towers, water wells or other opera= 
ting equipment where deposits are reducin 
capacity, let Dowell Service save you time ant 


money in maintenance cleaning! 


Other recent Dowell jobs: 
Woter well deaned for large vtility. Original pre 


by scale deposits. Dowell Service cleaned all the 

lines, in place, in only six days with a minimum 

interruption in service. 

Dowell Service offers fast, effective cleaning of 
ipelines—underground or above, indoors or out. duction of 1150 gpm had dropped to 550 gpm. Do 

Nb digging or dismantling is necessary. Service brought production back to 1100 gpm. 

4 liquid solvents, designed to dissolve the accumu- * 
lated deposits, are introduced oe regular Boiler deaned for steel . Steam productic 

connections. Because they are liquid, Dowell before Dowell Service: 115,000 p.p.h.; steam produc 

ie solvents reach wherever steam or water flow, tion after Dowell Service: 145,000 p.p.h. 

: cleaning places inaccessible to other methods— * 

i angles, curves, valves, complicated surfaces, and 

“ie hook-ups. Experienced Dowell engineers do the 

job, using Dowell-designed, truck-mounted pumps, 

mixers and control equipment. the generator was at the maximum allowable of 60° C. 

Many other types of equipment can also be After service, the temperature wos a normal 50° C. 


DOWELL INCORPORATED - TULSA 3, OKLAHOMA 


SUBSIDIARY OF THE DOW CHEMICAL COMPANY 


Air cooling system on two 22,500 K.W. generato 
cleaned for Midwestern Utility company in four hours. 
Before Dowell Service, the operating temperature of 


New York 20 Bullale 2 Kansas City 8 ML Pleasast, Mich. 
Boston 16 19 Wichita ? Hamilton, 
Philadelphia 2 —-~Pittsbargh Oktahema City 2 Charleston 27, W. Va. 
Baltimore Mauston 2 Salem, DOWELL 
Wilmington Chicago 2 New Orleans 12 Borger, Texas } 
Worth 2 Midland, Texas 
\ Jacksonville Indianapolis ‘Shreveport 69 Wichita Fails, Texas 
\ Atlanta Lows ville Anniston, Alabama _Latayetie, La. 


Beach. Oakland, Casper: Dowell national Comenters, Inc. 
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Dr. Aqua Nuchar 


WILLING WATER'S HAD 
TOO MANY CUCUMBERS 


Your sure cure for sudden objectionable tastes and odors in 
your water supply is to use Aqua Nuchar Activated Carbon in 
sufficient quantities to remove these impurities that cause un- 
palatable water. 


Aqua Nuchar Activated Carbon, because of its microscopic 
fineness, has amazing ability to remove by adsorption the tastes and 
odors that affect your water supply. The extraordinary porosity 
of Aqua Nuchar not only results in greater adsorption because of 
the larger surface area exposed, but also accounts for its superior 
properties of dispersion and suspendability. ‘This all adds up to 
more palatable water at very inconsequential per capita cost. 


Aqua Nuchar Activated Carbon has been demonstrated con- 
clusively to be the most effective, economical method of eliminat- 
ing tastes and odors from water supplies. Check your Aqua 
Nuchar stocks today and be prepared for any change that may 
arise in your raw water supply. 


OTHER PRODUCTS 


Snow Top Precipitated Calcium Carbonate ¢ Nuchar Activated Carbons ¢ 
Liqro Crude Tall Oil « Tallene Tall Oil Pitch ¢ Indusoil Distilled Tall Oil 
© Tallex Abietic Acid ¢ Polycel Cellulose Fibers « Indulin (Lignin) 


division west virginia pulp and paper company 


NEW YORK CENTRAL SLOG. PURE On BLDG. UNCOLN-LIBERTY BLDG. LEADER BLDG. 


NEW YORK 17, Y. 


35 WACKER DRIVE Svs. 526 SUPERIOR AVE.. 


CHICAGO 1, ILLINOIS PHILADELPHIA 7, PA. CLEVELAND 14, OHIO 
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THE RESIDUAL RECORDER 


so good they order MORE.. 
HOUSTON, TEXAS 


The performance of the Recorder in these tests = 
le described by Mr. Boldwin, Director of 
ln @ recent letter “*** 


“lil 
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All the advantages of residual re- | ine Wat Merchon Seale from 
cording such as improved chlorine | ounces to tons per minute, uses o constont speed 
usage, better chlorination contro! and bell,_ond hes © screw type feed section. 
smoother plant operation typified by 
these and other installations at Cleve- 
land, Richmond, Kansas City, and At- 
lanta can be obtained for your plant 
too. Just call your nearest W&T Repre- 
sentative for full details today. 
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where WAT Residual Recorder was installed on 
trie! besis end for severe! months pu! throvgh o 
series of rigorous, exocting tests of six of the 
— 
At the 85 mgd Delecariia Filter Pion! serving the 
notion’s capital, WET Residual Recorder was 
- installed to measure the residual of the filter 
eMvent. The results were s0 effective that Mr. 
E. A. Schmitt, Head Engineer, Chief of the Water 
Supply Division writes. 
\ “***The need for knowing that the health of 
Gane | the consumer is sofeguerded is of such impor- 
tence thet this office is purchasing six additional 
recorders for installation ot its 85 mgd Dalecartia 
rapid send plont and ot the 100 mgd McMillan 
send plent. These units will give chiosine 
residue! somple reodings ot strategic points in 
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Safe Yield From Suilacs Storage Reservoirs 
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A panel discussion presented on May 25, 1950, at the Annual Confer- 


ence, Philadelphia. The discussion was conducted under the chairman- 
ship of Earnest Boyce, Prof. of Munic. & San. Eng., Univ. of Michi- 
gan, Ann Arbor, Mich. Members of the panel included; C. G. Paulsen, 


Chief Hydr. Engr., U.S. Geological Survey, Washington, D.C.; W. B. 
Langbein, Hydr. Engr., U.S. Geological Survey, Washington, D.C.; 
Charles B. Burdick, Hydr. & San. Engr., Alvord, Burdick & Howson, 
Chicago; George W. Coffin, Cons. Engr., Boston, Mass.; Edward J. 
Clark, Chief Engr., Dept. of Water Supply, Gas & Elec., New York; 
Abraham Groopman, Div. Engr., Dept. of Water Supply, Gas & Elec., 
New York; Charles H. Capen, Chief Engr., North Jersey Dist. Water 
Supply Com., Wanaque, N.J.; R. G. Kincaid, Partner, Burns & Mc- 
Donnell Eng. Co., Kansas City, Mo.; G. E. Hands, Prin, Engr., Burns 
& McDonnell Eng. Co., Kansas City, Mo.; and William W. Brush, 


S water use requirements increase 
in regions offering limited catch- 
ment and storage possibilities, predict- 
able variations in water yield create 
critical shortages. The dependability 
of developed storage decreases as de- 
mands approach full utilization of the 
watershed yield. 
The water works profession has a 
responsibility to chart possible future 
increases in water use against potential 
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water storage resources in areas where 
socio-economic potentials tend to pro- 
duce continuing growth in demand. 
This responsibility requires that there 
be a thorough understanding of the 
factors which must be evaluated in es- 
tablishing safe limits for the develop- 
ment of the water storage facilities. 
The present panel discussion has as 
its objective a discussion of these 
factors. 
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Overall Trends—C. G. Paulsen 


The A.W.W.A. has for years sup- 
ported the principle that dependable 
water supplies are necessary for the 
continued and safe growth of a com- 
munity. Experience has confirmed the 
wisdom of this policy. Wherever there 
is a question of the adequacy of the 
source of water supply, new industrial 
developments are handicapped and 
community growth is stifled. Scarcity 
and failure of water supplies have 
played a controlling part in the stag- 
nation or decline of communities, na- 
tions and even civilizations. 

The eastern United States enjoys a 
humid climate. Runoff is nearly every- 
where more than 15 in. per year and is 
more than 30 in. in the mountainous 
parts of the region. The average 
square mile of territory can produce 
enough water even in a dry year, with 
adequate storage, to supply 2,000 or 
more people with 200 gpd. per capita. 
Despite this copious supply, however, 
many communities are experiencing 
serious difficulties. 

Recent years have witnessed a phe- 
nomenal increase in the use of water in 


) cities, on farms and by industry. Con- 
) sequently, water supply developments 


which had been considered essentially 


| adequate for many years are now rec- 
| ognized to be near their safe limits of 


use, and, unless ample additional sup- 


| plies are made available, the extent of 


economic growth of the affected com- 
munities will be definitely fixed. Such 
problems are an impelling reason for 
accelerating the inventory and = ap- 
praisal of water resources. 

It is the responsibility of the U.S. 
Geological Survey to gage the streams, 
determine the water supply of the 
United States and report on the best 
methods of utilizing these resources. 


Jour. AWWA 


For this purpose, the U.S.G.S., in con- 
junction with states, municipalities and 
other federal agencies, operates over 
6,000 stream-gaging stations and is 
making ground water and water qual- 
ity investigations throughout the nation. 
Interest in downward trends of wa- 
ter supply was very great during the 
1930's, when large parts of the coun- 
try were repeatedly in the grip of 
drought for a decade or more. The 
low precipitation and hot weather were 
of tremendous concern and were asso- 
ciated with disastrous consequences, 
particularly in the Great Plains. The 
records of stream flow were anxiously 
watched as new lows were reached. 
About 1940, coincident with the be- 
ginning of the war, stream flow became 
more plentiful and, except for many 
vexing local problems, the flows during 
and since the war have continued gen- 
erally favorable. Interest in potential 
trends is again resurgent, however, but 
for reasons quite different from those 
of the 1930's. The mounting increases 
in the use of water, and the large-scale 
federal and industrial projects on the 
drawing boards or under construction, 
with their heavy demands for water, 
have resulted in fear that the long- 
term dependable yield will be inade- 
quate to maintain the future economy 
and security linked to these schemes. 
Looking ahead to the time, quite dis- 
tant in some places but close at hand in 
others, when the stream resources are 
developed and used to the maximum 
extent practicable, the long-term varia- 
tions in stream flow will have a sig- 
nificance far beyond their present 
meaning. It is not difficult to appre- 
ciate the importance of reliable infor- 
mation on the quantity, quality and 
distribution of water resources as de- 
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mands for water approach the limits of 
available supplies. 

The first consideration in the design 
of an extensive water supply project is 
the determination of the dependable 
yield of the source. For surface wa- 
ters, such a determination requires, 
first, adequate records of stream flow 
and, second, their competent analysis 
and interpretation. It involves the 
analysis of storage requirements, ef- 
fects of upstream utilization and de- 
pletions, and the frequency of recur- 
rence of droughts and subsequent drafts 
on storage. It is important to observe 
that, because of the variable and un- 
predictable nature of stream flow, esti- 
mates of dependable yield must be 
qualified by available information on 
the average interval between years in 
which lesser yields might be expected 
to occur. Without such qualification, 
the term “dependable yield” is mean- 
ingless, if not misleading. 

The “n-year dependable yield” of a 
given water supply development is de- 
fined as the minimum supply that is 
available on demand, with the under- 
standing that lower yields will occur 
once in m years, on the average. The 
concept of a factor of safety as used in 
other engineering fields may be better 
expressed in water supply design 
through the adoption of low-yield re- 
currence intervals adequate to give am- 
ple margins of supply during all rea- 
sonable droughts and to allow for 
errors in estimation of future demand. 
There is no absolute minimum flow 
except zero, and, therefore, as the mar- 
gin between supply and total demand 
narrows, the water supply engineer be- 
comes drought sensitive. The need for 
sound appraisal of the supply, based on 
hydrologic and engineering principles, 
then becomes greater. A number of 
communities now faced with growing 
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water use would certainly profit from 
a reexamination of the dependable yield 
of their supplies in the added light of 
longer records and modern methods of 
hydrologic analysis. 


Stream Flow Records 


Studies of the yield of a stream 
should begin with records of flow ob- 
tained at the point of diversion or de- 
velopment for a long period in advance 
of construction, although a short period 
is better than none. Estimates made 
without any records, by drainage area 
ratios or other inductive methods, are 
likely to be very misleading. If only 
short records are available, they should 
be correlated by careful analysis with 
long-term records obtained in the same 
region. Unfortunately, however, in 
many areas adequate long-term rec- 
ords, useful as indicators of variations 
in native supply, are not obtainable, 
and there is a risk of uneconomical de- 
velopment. Faulty assumptions about 
the dependable yield may result in fail- 
ure to take full advantage of the avail- 
able water resources or, on the other 
hand, in far more expensive construc- 
tion than is actually warranted. 

The accuracy of a calculation of de- 
pendable yield rests on the representa- 
tiveness of the available stream flow 
records as samples of stream flow oc- 
currence to be expected during the 
useful or economic life of the water 
supply project. To the extent that the 
available records are fair samples, 
known hydrologic and statistical prin- 
ciples can be effectively employed in 
evaluating yield. 

A record of stream flow provides 
basic information on the mean or aver- 
age flow, which is the ultimate limit 
of water available even under the most 
complete development. The storage 
necessary to assure a given yield is 
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familiarly determined by computing the 
maximum difference between cumula- 
tive flow and cumulative draft (includ- 
ing evaporation losses from all reser- 
voirs). This result must be considered 
as a hydrologic variable, however, de- 
pendent upon the length of the stream 
flow record, the extremes it contains 
and the extent of grouping of high and 
low flows. The greater the extremes, 
and the greater the tendency of high or 
low flows to persist in groups, the 
greater are the storage requirements. 
To calculate storage, the record is 
analyzed further to determine the mag- 
nitude and frequency of stream flow 
deficits and probable storage drafts. 
Extension of the range and frequency 
beyond the limits of the stream flow 
record at the site of the record, or of 
a closely correlated record in the same 
region, depends upon: [1] the deriva- 
tion of a statistical model such as that 
provided by mathematical deduction, as 
expressed in the theory of extreme val- 
ues; [2] the statistical characteristics 
of a long stream flow record; or [3] 
in the absence of such a record, the 
climatologic or geochronologic phenom- 
ena, such as tree rings or clay varves. 
Each technique has its value and 
might be profitably exploretl with due 
regard to its limitation. The third 
technique has particular appeal, since 
it is based on the range and sequence 
of the occurrence of natural events. 
Nevertheless, as Allen Hazen (1) ob- 
served, such methods only supplement 
and do not obviate the need for long 
records as key points in extensions 
based upon statistical principles. 


Climatic Trends 


Water works men are doubtless in- 
terested in the effects of long-term 
trends or cycles upon estimates of 
yields based on records of past runoff. 
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Climate, over thousands of years, is as 
variable as the daily weather, and there 
is substantial evidence of oscillations in 
climate extending over long periods, 
ranging from several hundred to a 
thousand years or more. Although 
there are no exact climatologic data to 
demonstrate the fact, the present cli- 
mate is greatly different from that dur- 
ing the ice age of 50,000 or more years 
ago. In historical times, climatic vari- 
ations of considerable magnitude ex- 
tending over several hundred years are 
indicated by the different widths of the 
rings of the great, long-lived trees in 
the West. There is also information 
on advances and recessions of glaciers 
in Europe and Greenland during the 
past 1,000 years. It is known that set- 
tlements were made on the coasts of 
Greenland in the tenth century which 
prospered for many years before they 
were overwhelmed by cold and ice 
about 300 years later. Glaciers in the 
Cascade and northern Rocky Moun- 
tains have been shrinking for nearly a 
century, but studies by Matthes (2) 
show that these recessions are not the 
continuation of a progressive trend 
which began with the end of the last 
great ice age, but follow a “little ice 
age” which began some 4,000 years ago. 

One could recite at some length 
from the now voluminous literature 
about many well evidenced changes in 
world climate. On the whole, the lit- 
erature may be summarized by the 
simple statements that climate is not 
stable and that it is doubtless still shift- 
ing in response to deep-seated world- 
wide forces and changes in solar activ- 
itv. Perhaps it is no accident that 
man, during his still brief existence on 
the earth, has never experienced a 
“normal climate.” Geologic evidence 
suggests that humankind has had its 
birth and growth during a period of 
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climatic stress which is quite in con- 
trast with the more genial climatic uni- 
formity that is believed to have pre- 
vailed through most of geologic time. 
Although it is important for water 
supply engineers to recognize the basic 
fact that climate is not unchangeable, 
it is also important not to lose per- 
spective. These shifts in climate have 
not been abrupt but have been cen- 
turies long in their establishment and 
duration. Major changes will recur, 
but so gradually that there will be 
ample time to adjust to the conditions 
resulting from them. They will doubt- 
less occupy a period of time that is 
greater than the probable economic life 
of any water supply project in the 
eastern part of the country. There is 


nothing as yet to suggest that the wet 
and dry swings observed in the 125 
years or so of rainfall records in this 
country can be interpreted as portend- 
ing the beginning of deep changes in 


climate. So far as present-day water 
supply problems are concerned, the evi- 
dence of tree rings, clay varves and 
glaciers contains no suggestion that 
should weaken confidence in conclu- 
sions based on the records of precipi- 
tation, temperature and runoff. 

In many localities in the East, there 
has been an indication of a downward 
trend in precipitation in the last half 
century, while in other places the wet- 
test periods have occurred at some 
time since 1900. For the East as a 
whole, the records show no persistent 
trend toward either wetness or dr'y- 
ness. Temperature records of nearly 
equal length show little progressive 
average change, but their most out- 
standing feature is a cold period from 
1820 to 1880 foliowed by a progressive 
rise in average temperature amounting 
to about 2°F. from 1900 to 1940. This 
rise in temperature has doubtless in- 
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creased evapotranspiration losses and, 
to that extent, has contributed to an 
apparently slight lessening of available 
water supplies. Since 1940 tempera- 
tures have been quite stable, and there 
is even an indication of a reversal in 
the previous trend. Nothing is known 
of the future course of temperature or 
precipitation. 

Present knowledge of water supply 
conditions prior to 1825 or thereabouts 
depends upon indirect and fragmentary 
evidence. The ample writings and de- 
scriptions of colonial America point to 
a climate similar to that of today. Un- 
fortunately, the use of big trees in the 
East for indications of fluctuations in 
available moisture is severely limited, 
because the growth of trees in a humid 
climate depends on many other factors 
quite as much as on moisture. 

Stream flow records in the East do 
not show any marked, long continuing 
increase or decrease in flow. There 
was an apparent decrease in some 
streams prior to 1940, but since that 
time the flows have in general been at 
or above normal. Studies by the U.S. 
Geological Survey, however, have indi- 
cated a tendency in recent years to- 
ward somewhat smaller amounts of 
runoff per unit of precipitation. Cur- 
rent studies show that this tendency 
has not abated, nor has it increased. 
It is more marked in the West but is 
not absent from eastern streams. As 


‘the causes of this decrease are not yet 


definitely known, the records require 
careful watching. Studies are handi- 
capped primarily because of the lack 
of long-term records on native streams 
unaffected by use. It is hoped that 
key stations can be established on such 
streams so that temporal variations in 
supply not caused by the works of man 
can be determined. The absence of 
specific evidence upon which to esti- 
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mate the future course of climate and 
water supplies emphasizes the impor- 
tance of reliable, long continued records 
of native water yield. Only through 
such observations can the development 
of a dependable method of forecasting 
long-term trends be accomplished, if 
at all. 

Probably of more immediate impor- 
tance to water supply design are the 
indications shown by U.S.G.S. studies 
of marked tendencies in some parts of 
the country for dry and wet sequences 
to persist over one or more years. 
This tendency is most developed in the 
central part of the country and seems 
to be a minimum in the East. It is a 
subject that might very profitably be 
studied further, as it may he of value 
in forecasts. 

The important question to be an- 
swered, however, is not whether stream 
flow records are currently showing 


temporary upward or downward 
swings, but whether the records as a 
whole are fair samples of what to ex- 


pect in the future and whether the 
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maximum information possible is be- 
ing extracted from them. 


Summary 

The streams of the country are being 
increasingly developed for municipal 
and industrial water supplies, for carry- 
ing off wastes, for power generation 
and for irrigation. Some of these uses 
are competitive and others are comple- 
mentary. Although current evidence 
does not indicate that the streams are 
becoming less dependable as sources of 
water supply, this situation should be 
watched carefully. There should then 
be no fear that the streams cannot sup- 
port all the development which prudent 
design, based on adequate data and 
competent analyses, might demonstrate 
to be feasible. 
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Long-Term Changes—W. B. Langbein 


Long-term changes in water supplies 
are chiefly associated with changes in 
There is ample historical evi- 
dence that climate is variable. The 
Viking forays which brought Leif Eric- 
son to North America about 1000 A.D. 
occurred during a climatic period far 
more congenial than that experienced 
by the first I-nglish settlements on the 
Kast Coast in the early 1600's. There 
are suggestions that climate may still 
be shifting, but as yet the evidence is 
not conclusive. 

The facts on long-range changes in 
water supplies in the East are few. 


climate 


Even though sections of the East have 


heen settled by white men for more 


than 300 years, continuous records on 
climate do not begin until about 1850. 
The oldest stream flow records date 
from 1863, and only a few exceed 50 
years in duration. Records of fluctua- 
tions in ground water levels are rarely 
older than 30 years. So far as instru- 
mental data are concerned, the situa- 
tion in Europe is not much differ- 
ent (1). 


Climatic Changes 

In the temperate-humid zones, facts 
on changes in climate are generally 
limited to instrumental or documentary 
sources, that is, human records. This 
appears to be because, in a humid zone, 


| 


September 1950 


people, although “weather conscious,” 
are not keenly aware of variations in 
climate, as there is an ample margin of 
water surplus to maintain a compara- 
tively high-level agricultural society. 
Accordingly, such records were not 
begun until comparatively recent times, 
in response to economic development 
and accelerating dependence on water. 
Many of the earliest records of water 
supplies in the East can be credited to 
growing municipalities seeking to en- 
large or to secure their sources of 
water. 

On the other nand, in arid and cold 
regions, where many of man’s activities 
are of a marginal kind, small changes 
in climate can favor or thwart the sim- 
plest of enterprises. Irrigation in 
Egypt has depended since ancient times 
on the stage reached by the Nile River 
in its annual flood. Observations of 


flood stages of the Nile are available 
for a period of thirteen centuries. 


Moisture in arid regions exercises inti- 
mate control over growth, erosion, sedi- 
mentation and water levels. In the 
arid and semiarid American West, for 
example, a long history of alternating 
drought and humidity, heat and cold 
has been pieced together upon geo- 
chronologic evidence. The closed basin 
lakes are particularly sensitive to the 
balance between inflow and evapora- 
tion. Because of the arid climate, their 
beach lines are well preserved. The 
salt content, too, has been used to date 
the age of these lakes. The rate of 
growth of trees, particularly in zones 
of stress, reflects, to a high degree, the 
variations in the availability of mois- 
ture. To this evidence may be added 
such information as the crop reports 
made by early missions in California. 

The picture of climatic fluctuations 
is rarely complete in any one place. 
In putting together the scattered items 
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of evidence, it may well be asked 
whether these changes are universal. 
Instrumental records indicate that for 
short periods there are extreme differ- 
ences, even between places relatively 
close together, but long-term compari- 
sons can be made between relatively 
distant localities. Moreover, here and 
there, similar behavior is found even 
between continents. In the western 
United States, tree ring data, fluctua- 
tions in lake levels and advances and 
recessions of glaciers point to the fol- 
lowing climatic shifts prior to the 
beginning of instrumental records: 
about 6500 B.C., beginning of post- 
glacial period; 6500-2000 B.C., hot 
and dry (“climatic optimum”) ; 2000- 
1600 B.C., beginning of “little ice 
age”; 500-250 B.C., wet and cold; 
1-400 A.D., intermediate; 400—1000, 
dry and warm; 1300-1400, wet and 
cold; 1400-1600, dry and warm; and 
1600-1730, moist and cool (2-4). 

It will be observed that older se- 
quences are reported to be longer than 
the more recent ones. This does not 
mean that climatic changes are becom- 
ing more frequent but rather that 
knowledge of them is better. In gen- 
eral, the intensity of the older climatic 
fluctuations is greater than that of the 
shorter-term, more recent sequences, 
for otherwise they would have escaped 
detection. The evidence strongly sug- 
gests that the ancient climatic episodes 
like the ice ages were worldwide in 
extent. 

In carrying back the record in the 
East, much exploration might be done 
in exhausting the documentary sources 
of their references to climate and to 
descriptions of native vegetation, pos- 
sibly supplemented by studies of such 
Indian artifacts and culture as may be 
indicative of climatic environment. In 
this way, perhaps, a picture of general 
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climatic influences over several cen- 
turies might be pieced together. In 
the longer view, a study of river and 
valley profiles and sediment deposi- 
tions, such as that made by Jahns (5), 
may provide additional evidence of 
changes or stability of the climate and 
runoff. From the position of the de- 
posits left by the flood of March 1936 
in the Connecticut River Valley in 
Massachusetts, Jahns concluded that 
no greater flood had occurred in that 
area since civilization began there, and 
probably not for several hundred years 
prior to that time. 

A review of tree ring work in the 
East by Lyon (6) and Schulman (7) 
shows a significant relation of ring 
growth to climate, during the more 
extreme years, in some tree series in 
New England and the Central States. 
Whether tree rings, in such noncritical 
areas, can provide an unbroken index 
of the year-by-year climate of the past 
is a moot point. At present, however, 
data in the East which are useful to 
water supply engineers are limited to 
instrumental and documentary records. 


Temperature 


The longest record of temperature— 
that at New Haven, Conn., which be- 
gan in 1780 (8)—shows that tempera- 
tures in the first twenty years of the 
record averaged very nearly the same 
as the mean of th full record. The 
records also show a cold spell from 
1820 to 1880 in which temperatures 
averaged about 0.5°F. below the long- 
term mean. The period from 1900 to 
1940 was marked by a 2°F. progressive 
rise. Kincer (8) shows this rise in 
temperature to be worldwide in ex- 
tent, at least throughout the North 
Temperate Zone. He concludes : “The 
practically unanimous testimony of 
these graphs not only establishes the 
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realness of these upward trends but 
shows that they are operative on an 
extensive geographic scale.” Since 
1940 the records indicate that there 
has been a general leveling off and, 
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as Kincer (9) points out, even contain 
a suggestion of an impending reversal. 
Fluctuations in temperature are impor- 
tant to the extent that they are a con- 
trolling factor in evapotranspiration 
losses and hence influence the runoff 
of streams and storage of water under- 
ground. 

So far as the 150 or more years of 
instrumental records at New Haven 
show, however, there has been no net 
change in mean temperature. This 
conclusion is supported in an interest- 
ing way by observations made in the 
1790’s and reported by Volney (10) 
in 1804. Volney gives a table showing 
temperatures of ground water, presum- 
ably in dug wells, at five places from 
Rutland, Vt., to Charleston, S.C., which 
he ingeniously suggests to be indicative 
of the mean temperature of the region. 
In every instance, the present mean air 
temperatures are within 1°F. of the 
mean water temperatures measured in 
the 1790's. 


Precipitation 


The oldest record of precipitation in 
the East is that at Charleston, S.C., 
begun in 1738. The record has several 
breaks and is continuous only since 
1832. Volney (10) gives several fig- 
ures on average rainfali for coastal 
cities, observed presumably in the 
1790's, which are within a few inches 
of the means indicated by modern rec- 
ords for the same cities. Since 1825 
there are several records of precipita- 
tion, and a great many have their be- 
ginning in 1870, when the Signal 
Service of the U.S. Army began sys- 
tematically reporting climatic data. 
This function was later transferred to 
the U.S. Weather Bureau, organized in 
1890. Figure 1 shows the averages 
for four groups of stations in the east- 
ern United States. These show no 
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overall upward or downward long- 
term tendencies. 

In studying such extended records 
to judge whether there have been 
changes in precipitation regimen, vex- 
ing problems of consistency arise, be- 
cause the rain gages are moved, ob- 
servers change, the local exposure and 
environment of the gages change and, 
in the early parts of the record, no 
standardization of instruments exists. 
Consequently, it is best not to place too 
much reliance on a record of precipi- 
tation for a single community. Many 
of the factors that might tend to affect 
the consistency of a single record, how- 
ever, cancel out in the average of a 
group of stations in a similar climatic 
environment. For example, it is logi- 
cal to suppose that the effects of a 
change in gage location at one station 
may be compensated by an opposite 
effect at another station. Statistical 
considerations indicate that at least five 
stations are needed to assure a stable 
index of precipitation which is reason- 
ably independent of station peculiari- 
ties. But this condition greatly short- 
ens the useful period by several dec- 
ades, with the lower limit generally 
1870. As a group of five long-existing 
stations is likely to be spread over a 
broad region, the usefulness of its aver- 
age would be limited chiefly to studies 
of variations over large areas. 


Ocean Levels 


Another line of evidence is afforded 
by the records of ocean levels in the 
past 50-70 years (11). These records 
show rising levels at all stations on the 
Atlantic, Gulf and Pacific coasts. The 
rate of rise is especially marked since 
1930. Although details of the tide 
graphs are complicated by factors of 
local rising or subsidence of the land, 
all graphs show a comparable, gener- 
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ally upward trend. The inference from 
these records is that, if the water in 
the oceans is increasing, the water 
on continents—whether in ice caps, 
streams, lakes or underground—must 
be decreasing. It is not known to what 
extent faulting or other effects may 
have changed ocean bottoms, but usu- 
ally such factors work the other way— 
to increase ocean deeps. There are 
also unresolved questions concerning 
the amount of rise due to sediment 
poured into the oceans. 


The flow of streams is without doubt 
one of the most sensitive indicators of 
climatic variations. Runoff is the re- 
sidual of precipitation. It represents 
the drainage of the land in surface 
courses after the prior assessments of 
evaporation and vegetal transpiration 
have been met. Like all residual or 
marginal factors, it varies to a great 
degree. Variations in precipitation are 
therefore magnified in stream flow, 
which is also influenced by changes in 
temperature affecting evapotranspira- 
tion. Stream flow is affected by sig- 
nificant changes in any phase of the 
hydrologic cycle, including the works 
of man—such as storage and diversion 

and natural modifications in the land 
surface which exert an effect on infil- 
tration and evapotranspiration. Pump- 
ing from wells also affects stream flow 
in time and may salvage water that 
would otherwise return to the atmos 
phere (especially in arid regions). For 
all these reasons, fluctuations in stream 
flow provide a most meaningful and 
sensitive indicator of variations or 
trends in water supplies. 

Usable information on stream flow 
in the East can be obtained only from 
instrumental records. Some of the 
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earliest measurements were made in 
connection with water supply develop- 
ment and canal building. In Ohio, 
many such gagings dating from the 
1820's are available for reference (12). 
These measurements showed flows 
within the range of discharges indi- 
cated by continuous records begun in 
1921. These spot gagings are of little 
use in any studies of long-term trends, 
however. 

Some flood records may be relevant, 
such as the one on major floods in the 
Connecticut River at Hartford, which 
is complete for about 300 years. On 
the whole, though, the occurrence of 


25-yr. : 50-yr. 
Precipitation 


4 


Fic, 3. 


major floods is so erratic that it is 
difficult to demonstrate any changes in 
flood regimen from these records. 

Some of the oldest continuous rec- 
ords of stream flow are those on the 
Croton River, in New York; the Ten- 
nessee River, in Tennessee; Lake Co- 
chituate outlet, in Massachusetts; and 
the Niagara River, in New York. Fig- 
ure 2 shows graphs of ten-year mean 
flows in these rivers. The records of 
the Niagara and Tennessee Rivers ex- 
hibit slight downswings which are not 
present in the Lake Cochituate or Cro- 
ton River record. 

Examination of the records of the 
Susquehanna River, in Pennsylvania, 


SAFE RESERVOIR YIELD 


809 


reveals a downswing until about 1940 
when a sharp reversal began. Other 
long records, such as on the Pemige- 
wasset River in New Hampshire and 
the Chattahoochee River in Georgia, 
show no overall tendencies toward in- 
creased or lowered flows. The flows 
have fluctuated up or down over pe- 
riods of considerable length, but they 
have not so far shown any persistent 
long-term trends in either direction. 
The average precipitation and run- 
off during the 25 years from 1921 to 
1945 are shown in Fig. 3 as percentages 
of the average during the 50 years 
from 1896 to 1945. The figures on 


25-Year Average Expressed as Percentage of 50-Year Average 


the upper map show that precipitation 
during the past 25 years was every- 
where within + 8 per cent of the 50- 
year average. The figures on the lower 
map, however, indicate that, except for 
the Texas area, the corresponding 25- 
year runoff was below the 50-year nor- 
mal. The pair of maps suggests that, 
although precipitation during the past 
25 years has compared consistently 
with the 50-year experience, runoff has 
tended to fall off slightly. 

To analyze this subject further, de- 
tailed studies have been made of several 
streams throughout the country, of 
which four examples in the East are 
included in this paper. These streams 
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have been chosen because of the length 
and quality of the records, an absence 
or a minimum of conflicting factors of 
regulation or diversion, and the ade- 
quacy of precipitation data. 

Figure 4, for the Pemigewasset River 
in the upper Merrimack River Basin 
in New Hampshire, shows no upward 
or downward trend in runoff, greater 
precipitation in recent years than in 
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the observed runoff shows a break to 
the right about 1929 (Fig. 4, upper 
left). The lower right graph shows a 
further comparison of observed and 
computed runoff. The solid line rep- 
resents the five-year progressive aver- 
age of observed runoff and the broken 
line, the runoff as computed from rain- 
fall. If the runoff varied completely in 
accordance with the rainfall, the two 
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the early part of the record and stable 
temperature throughout the years of 
record. The graph of annual precipi- 
tation against observed runoff (Fig. 4, 
lower left) indicates fair correlation. 
The years are designated by figures 
alongside each plotted point (‘04” 
standing for “1904” and so on). A 
double mass curve comparing the run- 
off computed from precipitation with 


graphs would have followed one an- 
other closely. The correspondence is 
quite faithful, but, in the early part of 
the record, the observed runoff was 
above that computed from the precipi- 
tation, and, in the later part, just the 
reverse is true. After 1929 the de- 
parture averages about 10 per cent but 
there does not appear to be any tend- 
ency for this difference to increase. 
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In fact, in recent years the difference 
seems to have been almost zero. 
Figure 5, for the Sangamon River in 
central Illinois, shows much the same 
behavior. Data for the Chattahoochee 
River in northern Georgia (Fig. 6) 
indicate a slight downswing in both 
precipitation and runoff. The tem- 
perature shows a slight rise, although 
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it appears fairly stable since 1925. 
Here again, the observed runoff in the 
later part of the record tended to fall 
off more than the runoff computed from 
precipitation, but with the difference 
no more than 10 per cent and diminish- 
ing in recent years. 

Figure 7, for the Chemung River in 
south central New York, shows good 
correspondence between precipitation 
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and runoff since 1908, with no pro- 
gressive departures between observed 
and computed runoff. 

An attempt to draw conclusions from 
these studies is somewhat handicapped 
by the lack of adequate and consistent 
records of precipitation, temperature 
and runoff extending backward at least 
through the wet period of the 1860's 
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and 1870's (see Fig. 1). The studies 
do, however, include several periods of 
low precipitation and high temperature. 
Resolution of time trends in the pre- 
cipitation-runoff relation will require 
quite long and consistent records em- 
bracing a large number of different 
combinations of climatic and hydro- 
logic conditions. The following may 
be profitably explored as_ possible 
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causes of the apparent change in the 
precipitation-runoff relation : 

1. The average precipitation for each 
basin may have been less accurately 
computed during the first part of the 
period than during the latter part. 
Considerable care was exercised, how- 
ever, to assure a consistent group of 
rainfall stations. In general, it is be- 
lieved that, as far as the runoff records 
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a measure of uncertainty. It is possi- 
ble, therefore, that at least part of the 
apparent change in the indicated rela- 
tion may be the result of inconsistencies 
in ihe basic data. 

. Changes in the intensity of rain- 
oh or in some of its other character- 
istics may have occurred. 

3. Increased evapotranspiration losses 
may have accompanied increased tem- 
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earlier measure- 
ments of flood flows may be too high 


are concerned, the 


hecause of insufficient sounding weights. 
As annual 
affected by 
during high stages, the earlier records 
overestimate rather 
an underestimate. The effect of 
gradual improvement in techniques and 
equipment, installation of 
also mtroduces 


averages are considerably 


discharge measurements 
possibly are an 
than 


such as the 


water stage recorders, 


River 
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peratures. 
determine 


Further study is needed to 
whether the losses can be 
correlated with the indicated increases 
in temperature. 

4. Changes are supposed to have re- 
sulted from man’s occupancy. De- 
creased runoff might be due in part to 
intensified agriculture or to forestry. 
If so, this factor may become a matter 
of economic significance in planning for 
the future. In the basins studied, how- 
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ever, it is believed that little change has 
occurred in this respect since stream 
flow records were begun. 

5. There is also the possibility that 
the precipitation-runoff relation is itself 
variable, reflecting deep-seated hydro- 
logic factors, including the influence 
of long-term ground water carryover 
and broad-scale, unidentified climatic 
factors. 
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are of too short duration to substan- 
tiate any shift in the basic climate. 
Such wet, dry, cold or warm sequences 
as have been recorded may still be 
viewed as a part of the overall climatic 
pattern. 

3. The detailed interpretation of the 
older instrumental records is clouded 
in part by inconsistencies in techniques 
and conditions of observation. 


Syr. Progressive 
Avg. Runoff __| 


| 
LAK | 


= 


= 


5 yt “Progressive 


Double Mass Curve — 


Avg. Precipitation 


(Cumulative) 


Runoff — in. 


—+— 1,5 yr Progressive 


Avg. Temp. | 
| 


+ 
~ 


| 
| 


| 


+ Precipitation - Runoff 


Correlation | 


i a 


ss 33528 


~ 
Runoff - 1,000,000 acre-ft. 


8 


Fic. 7. Chemung River (Chemung, N.Y.) 


Conclusions 


In examining the facts on long-term 
changes in surface water supplies in 
the East, one can fairly conclude : 


1. Climate is variable. 

2. The continuous instrumental ob- 
servations of precipitation and temper- 
ature, adequate only since about 1850, 


4. Fragmentary instrumental data, 
supplemented by documentary evi- 
dence, suggest that the basic climate 
along the East Coast, though fluctuat- 
ing, has remained much the same since 
at least 1800. 

5. Records of stream flow, which 
are highly responsive to variations in 
climatic and terrain factors, are avail- 
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able only since 1863. These do not 
show any general overall trends of 
variation in absolute volumes of flow. 

6. Stream flow, however, in recent 
years has shown a slight relative low- 
ering with respect to climatic factors. 
The causes of this phenomenon are 
unknown, and it may or may not be 
transient. 

In making studies of long-term 
trends in runoff, a number of ques- 
tionable items of interpretation are 
found in the records of the older gag- 
ing stations, which were established 
and maintained principally for opera- 
tional purposes. These difficulties 
demonstrate the need for key gaging 
stations on natural streams, carefully 
operated with a view to maintaining 
consistent, long-term records of stream 
flow, as independent as possible from 
any influences of man. The need for 
such information will more 
impelling as stream development in- 
creases, with growing competition for 
water and consequent narrowing of 
the margin for error. 
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Effect of Siltation—Charles B. Burdick 


To attempt to cover siltation in res- 
ervoirs comprehensively in the short 
space available is, of course, an im- 
possible task. For the benefit of water 
works men unfamiliar with this prob- 
lem, it may be worth while, however, 
to outline its scope, emphasize its fre- 
quent importance, explain the factors 
that influence sedimentation and dis- 
cuss briefly the means through which 
sedimentation may 


excessive some- 


times be avoided 


The seriousness of the problem is 
evidenced by the fact that, at certain 
reservoirs on highly sedimentary 
streams, as much storage space must 
be allowed for the probable deposit of 
sediments in 20 or 30 years as is re- 
quired for the volume of water neces- 
sarily stored. 

That there have been severe disap- 
pointments due to sediment deposits in 
impounding reservoirs is not surpris- 
ing, nor are builders to be blamed too 


he 
4 
im 
a 
‘ 
3 
q 


September 1950 


greatly, because until recently the data 
applicable to this matter have been few 
and scattered. Only lately has suffi- 
cient information been coordinated to 
make general deductions possible. Al- 
though the conditions that bear upon 
this problem are much better known 
now than they were ten years ago, very 
much yet remains to be learned in or- 
der that prejudgment may be success- 
ful where local data do not exist. 

Unfortunately, the longest and most 
complete records of impounding-reser- 
voir yields refer to the northeastern 
part of the United States, where large 
reservoirs exist on relatively small 
streams, under which are igneous rocks 
overlaid by more-or-less granular gla- 
cial deposits—conditions tending to 
minimize the silt problem. Further 
west and south, bedrock, generally of 
sedimentary origin, finer glacial and 
deep alluvial deposits, coupled with 
larger watersheds and greater flood 
flows, make sedimentary deposits of 
increased importance. 


Sedimentation Factors 


The principal factors affecting silta- 
tion in reservoirs are: {1] the amount 
and character of sediment carried by 
the stream; [2] the size of the drain- 
age area; [3] the tendency of the reser- 
voir to capture sediment (this factor is 
related to reservoir size and stream 
flow) ; and [4] the design of the proj- 
ect with regard to minimizing sedi- 
ment deposits. 

These factors may be generalized by 
expressing the relation of reservoir size 
to drainage area and comparing ob- 
served silt deposits over a period of 
years. It is convenient, in compari- 
sons, to express silt accumulation as a 
percentage of original reservoir capac- 
ity. It must be recognized, however, 
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that such a percentage applies only to 
the years covered by the record, al- 
though roughly indicative of the future. 


Recent Studies 


Scattered data relating to sedimen- 
tation in reservoirs have been available 
for several decades. Ina 1944 paper by 
Berard J. Witzig (1) and the compre- 
hensive discussions thereof by others, 
the problem was presented at length 
and means of dealing with it were sug- 
gested which are useful in prospective 
projects. 

An important study of this subject 
has been in progress for several years, 
under the direction of the Illinois State 
Water Survey in cooperation with the 
Illinois Agricultural Experiment Sta- 
tion and the Soil Conservation Service, 
covering 29 impounding reservoirs in 
Illinois. This study, which includes 
watersheds ranging in area from 1 to 
more than 10,000 square miles, not 
only gives data on silt deposited but 
also estimates the total silt carried by 
the streams at the respective reservoir 
locations. The study indicates that the 
silt carried at a particular place is very 
much less per square mile on large 
watersheds than on small ones, the 
total silt carried per squave mile being 
about ten times as great on water- 
sheds of 10 square miles as on those 
of 10,000 square miles. Thus, differ- 
ences in silt production appear to re- 
semble variations in peak unit flood 
flows and are probably due to similar 
causes. 


Avoidance of Excessive Silting 
Excessive deposits in impounding 
reservoirs on turbid streams may be 
minimized by several procedures, 
where applicable and justified. These 
include diversion of flood waters, stor- 
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age in “stream side’’ reservoirs, desilt- 
ing basins and watershed improve- 
ments to lessen erosion. 

The removal of silt from a reservoir 
has only been done to a limited extent. 
Many reservoirs can be built for as 
little as 6-10¢ per cubic yard of water 
stored. Therefore, whether to clean a 
badly silted reservoir or to build an- 
other becomes a question of economics. 
Silt Diversion 

The possibilities of turbid-water di- 
version are illustrated at the Lake 
Overholzer impounding reservoir sup- 
plying Oklahoma City, Okla., built in 
1919, This storage project, which lies 
on the main channel of the North 
Canadian River, has a drainage area 
of 12,000 square miles. The average 
annual flow is 200,000 acre-ft., about 
ten times the water consumption of 
the city, but the minimum flow for 
many months is much below the con- 
sumption figure. 

The distinctive feature of this project 
is the provision made for minimizing 
the silt problem. This is accomplished 
through a bypass channel, which car- 
ries all ordinary flood flows past the 
storage reservoir, and a large settling 
basin occupying the river and bottom 
lands above the storage reservoir and 
capable of drainage through the bypass 

The storage reservoir contains 17,000 
acre-ft., averages 10 ft. in depth and is 
controlled at the lower end by Tainter 
At the upper end, it is pro- 
“rollover dam” 


gates. 
tected by a so-called 
which permits settled water to enter 
the storage reservoir when needed and 
diverts up to 12,000 cfs. of surplus 
Gates 


water to the bypass channel. 
controlling the bypass canal permit 


lesser flows to he stored whenever 


desired. 
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The sedimentation basin extends 
about 2 miles along the river bottom. 
It is 1,200 acres in area, with a maxi- 
mum depth of 10 ft. on the bottom 
land and greater depths in floods. As 
previously stated, it can be drained 
through the bypass channel, and much 
of the accumulated sediment therein is 
flushed out when surplus water is 
available. Thus, it has been possible 
to maintain an unsilted bypass channel 
and a relatively clean natural river 
channel through the sedimentation 
basin. 

During the greatest floods a portion 
of the water necessarily passes through 
the storage reservoir. About 90 per 
cent of the maximum flood (133,000 
cfs.) passed through it, and a consid- 
erable part of another great flood. 
Five or six smaller floods have also 
caused water to enter the storage res- 
ervoir in small amounts. In the many 
other floods over the past 30 years, 
the water was entirely excluded from 
the reservoir. 

As a result of this flood diversion 
and presettling, the sediment accumu- 
lated in the storage reservoir since 1924 
was only 2,500 acre-ft. in 1949, an an- 
nual silt accumulation of about 0.6 per 
cent of the original storage capacity. 
In the sedimentation basin, the silt 
deposited has been estimated at 6,000 
acre-ft. Thus, it appears that about 
three-fourths of the sediment deposit 
has been captured by the settling basin, 
and the total captured was probably 
only a small percentage of the sediment 
taken away through the bypass. This 
project not only has operated with 
good success in reducing the silt de- 
posit but it has also had far-reaching 
effects on the quality of the water 
which the city has been able to obtain 
from the North Canadian River. 
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As the total flow of the North Cana- 
dian River materially exceeds the con- 
sumption of the city, it has been possi- 
ble to select for municipal use the most 
desirable waters coming down the river. 
The hardness of the river water varies 
from 60 to more than 330 ppm. It 
has been found possible to drain away 
stored hard water and replace it with 
soft floodwater when conditions are 
favorable. Moreover, it has been found 
practicable periodically to test the wa- 
ter as much as 100 to 200 miles up- 
stream from the city and thus to plan 
in advance the selection of the water 
to replenish the Overholzer storage 
reservoir. M. B. Cunningham, Chief 
Engr. and Supt., Oklahoma City Wa- 
ter Dept., reports that in one year 
alone the selection of water under this 
system saved the city about $40,000 in 
treatment chemicals. 

Recently an additional storage res- 
ervoir, near the city and outside of the 


valley of the North Canadian River, 
but served through a canal tapping the 
river at a location permitting the old 
settling basin and bypass to be used, 
has been built to provide more storage 


for growth. Lately two federal proj- 
ects for floods and irrigation, upstream, 
have somewhat diminished the ability 
to select good waters. 
Side Storage 

Some cities in the Mississippi Valley 
and elsewhere, although supplied from 
relatively capacious streams, require 
storage to tide them over in especially 
severe droughts of moderate duration. 
At Des Moines, lowa, for instance, the 
Raccoon River at low water normally 
supplies considerably more than is re- 
quired for the collecting galleries. 
Upon two occasions during the past 
40 years, however, the river flow has 
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been less than the water works pump- 
age for periods as long as six weeks. 
No water shortage occurred, because 
the supply survived through storage in 
underlying sands. To guard against 
future contingencies, a storage reser- 
voir holding 1,400 mil.gal. was built 
by a 70-ft. earth dam. As the Rac- 
coon River carries a high volume of 
silt, due to almost complete agricul- 
tural occupancy on its watershed, the 
comparatively small reservoir required 
would have been impracticable if built 
in the main stream. A site was there- 
fore selected in a side ravine, where 
the watershed above the reservoir is 
only 1.1 square mile inarea. Thus, the 
silt problem was avoided, and it is ex- 
pected that the cost of filling by pump- 
ing, when spread over the many years 
between droughts, will be relatively 
minor. 
Desilting Basins 

The accumulation of sediment in a 
stream of comparatively large flow has 
aspects dissimilar to those in an ordi- 
nary water works sedimentation reser- 
voir. In many soft-bottom streams 
subject to high velocity in floods, the 
material on the bottom is picked up 
and dragged along by-the floodwaters. 
Even stones of considerable size may 
be carried by torrential floods. Special 
procedures have to be adopted in build- 
ing storage or diversion works upon 
such streams. Special basins with me- 


‘chanical cleaning equipment have been 


employed for the Colorado River sup- 
ply of Los Angeles and elsewhere. 


Watershed Control 


The silting problem can be and often 
has been greatly lessened where the 
watershed supplying an impounding 
reservoir is acquired by the water de- 
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partment or is controlled in such a 
way that there is a minimum of erosion 
on it. The promotion of forestry and 
grass cover largely eliminates material 
deposits of silt on such watersheds. 
In many of the large watersheds 
where impounding reservoirs are re- 
quired west of the Allegheny Moun- 
tains, the private ownership of land 
and the necessity for its agricultural 
use present a problem that is difficult 
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to solve by watershed land treatment 
methods. Even if the land were en- 
tirely devoted to grass crops, floods 
would still result in cutting and caving 
at river bends, which produce an im- 
portant part of the silt load carried by 
a stream traversing sedimentary bot- 
tom lands. 


Reference 


1. Wrrzic, B. J. Sedimentation in Reservoirs. 
Trans. A.S.C.E., 109:1047 (1944). 


Boston Metropolitan District—George W. Coffin 


The Boston Metropolitan Dist. con- 
sists of 43 cities and towns having a 
total population of 2,066,100. Of these 
municipalities, 24 are members of the 
Metropolitan Water Dist. In addition, 
15 municipalities outside the district 
obtain a part or all of their water sup- 
ply from metropolitan sources. Wor- 
cester, Mass., has rights to 10 mgd. 
from the Wachusett watershed to sup- 
plement its own supply. A _ recently 
constructed aqueduct from Quabbin 
Reservoir will supply Chicopee and 
other communities in the Chicopee 
River Valley. Tentative plans are also 
being made to supply Lowell, Law- 
rence and other cities and towns in 
the Merrimack River Valley. Other 
municipalities adjacent to the present 
water district or near metropolitan 
sources will undoubtedly obtain their 
supply from the metropolitan system 
in the near future, so that by 1970 the 
Boston system will probably be fur- 
nishing water to approximately 2,300,- 
000 persons in eastern and central 
Massachusetts. 

The present consumption of metro- 
politan water is about 200 mgd. (in- 
cluding 9 mgd. supplied outside of the 
water district), or 114 gpd. per capita, 
based on the 1,680,000 population of 
the 23 water district members now 


taking practically their entire supply 
from it. The ultimate demand on the 
system by 1970 will probably be on the 
order of 270-300 mgd. 


Metropolitan Watersheds 


The principal watersheds are the 
Swift, Ware and Wachusett (Fig. 1). 
The Sudbury watershed (southeast of 
Wachusett) is still in use but will be 
discontinued, except for emergency 
service, when the City Tunnel, now 
under construction, is put into serv- 
ice. Table 1 gives statistical data for 
the three main watersheds. 

Quabbin Aqueduct runs from the 
easterly shore of Quabbin Reservoir 
to the upper end of Wachusett Reser- 
voir, a distance of 24.61 miles. About 
midway between Quabbin and Wachu- 
sett Reservoirs, there is a 271-ft.-deep 
shaft to divert the Ware River into the 
aqueduct. As the elevation of the in- 
take is higher than either Quabbin or 
Wachusett Reservoirs, water can be 
diverted to either reservoir or to both 
simultaneously. The aqueduct is a 
horseshoe section, concrete-lined rock 
tunnel with vertical side walls and cir- 
cular arch and invert, 11 ft. wide and 
12 ft. 9 in. high. 

With no water being diverted to 
Wachusett—that is, with the gates shut 
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at the Wachusett end of the aqueduct— 
Shaft 2, about 2 miles west of the 
Wachusett outlet, acts as a relief spill- 
way, thus limiting the amount that can 
he diverted from Ware to Quabbin to 
615 mgd. With the full capacity of 
the Ware River intake works being 
utilized and water being diverted si- 
multaneously to Quabbin and Wachu- 
sett, 967 mgd. can be diverted from 
Ware to Quabbin and 1,033 mgd. from 


from the Swift and Ware watersheds. 
Table 2 gives the long-term average 
yield for the Wachusett, Sudbury and 
Cochituate watersheds, and Table 3 the 
monthly long-term average yield and 
rainfall. 

Preliminary studies, based on the 
Wachusett runoff and Ware River 
stream flow records, were made to es- 
timate the probable yield to be ex- 
pected from the Swift and Ware water- 
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Fic. 1. Boston Metropolitan Watersheds 


Ware to Wachusett, a total of 2,000. 
From Quabbin to Wachusett, the ca- 
pacity is 642 mgd. (396 mgd. at grade). 


Yield of Watersheds 


Records have been kept of the ac- 
tual yield of the Cochituate (east of 
Sudbury), Sudbury and Wachusett 
watersheds for many years, and these, 
together with recent stream flow and 
rainfall records, were used as the basis 
for computing the yield to be expected 


sheds and to fix the most economical 


_size of the Quabbin Aqueduct. The 


aqueduct was made large enough to 
meet future demands and will probably 
be adequate for the next 50 years or 
more. Proportionality of drainage 
areas was used in estimating these 
yields. 

Safe yield was defined as being that 
average daily quantity which can be 
supplied continuously over the longest 
period of consecutive dry months of 


> 
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record without emptying the reservoir. 
Assuming a full reservoir at the start 
of the drought period considered, the 
safe yield is the average daily draft— 
after deducting all legally required re- 
leases, evaporation, leakage and other 
losses—that will just empty the reser- 
voir and then allow it to fill up to its 
original level at the end of the drought 
period. It was found that the driest 
period up to the date of these studies 


TABLE 1 
Boston Metropolitan Watershed Data 


Watershed 


Swilt 


Ware Wachu 
; sete 


sq.mi. (186.0 | 96.8  107.7* 
sq.mnt, 38.6 6.5 
percentt 20.9 2.5 7.1 


Drainage area 
Reservoir area 
Water surface 


Reservoir capacity 
bil.gal. 

Total volume 
Total available 
Max. reservoir depth 

ft. 150.0 
\ve. reservoir depth ft. 90.0 
High-water elevation 

ft 530.0 656.0 


412.0 
402.0§ 


65.0t 
55.6 


129.0 
48.0 


395.0 


* Includes 20.7 square miles controtled by Worcester 

t Not including areas of rivers and swamps 

1 67.0 bil gal. with 1.5 ft. of flash boards 

§ Above lowest sill of Quabbin Aqueduct, elevation 
478 With bil. gal. of ground storage included, this 
figure becomes 417.0 bil gal 

Crest of siphon «pillway and intake to Quabbin 

\queduct 


was from June 1, 1908, to December 
1, 1915. 

Karly drafts of Massachusetts legis- 
lation for the development of the Ware 
and Swift Rivers envisaged a compen- 
sating reservoir on the Ware River 
above the intake to Quabbin Aqueduct 
for the purpose of providing lower 
riparian owners with a guaranteed 
minimum flow. It developed, how- 
ever, that the millowners were more 
interested in cash settlements than in 
water, and 85 mgd. was set as the 
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diversion limit, but with no diversion 
to be made during the summer months. 
From December 1 through May 31 
Massachusetts legislation permits the 
diversion of all Ware River flows of 
over 85 mgd. (131.5 cfs.). From June 
| through June 14 the same diversion 
is allowed, but only with the permis- 
sion of the Massachusetts Dept. of 
Public Health. The War Dept. does 
not permit any Ware River diver- 
sion between June 15 and October 14, 
inclusive. And, from October 15 
through November 30, the same re- 
strictions apply as in the June 1—June 
14 period. 
TABLE 2 
Long-Term Yield 


Actual Vield-— 
med 
Watershed | Period 
Per 
Square 
Mile 


Total 


1.102 
0.957 
0.928 


118.76 
72.01 
16.15 


1897-1948 
1875-1948 
1863-1948 


Wachusett 
Sudbury 
Cochituate 


From the Swift River, Massachu- 
setts legislation permits the diversion 
of all flows at all times but requires 
that a minimum flow of 20 mgd. (31 
cfs.) must always be maintained at 
Bondsville, about 5 miles below Win- 
Dam. Moreover, in accordance 
with U.S. War Dept. requirements, 
when the flow of the Connecticut River 
at Montague (a U.S. Geological Sur- 
vey gaging station) during the period 
June 1-November 30 is between 4,650 
and 4,900 cfs., the flow past Winsor 
Dam must be maintained at 70 cfs.; 
or, if below 4,650, at 110 cfs. 


Studies of Safe Yield 


The computation of the safe yield 
involved the development of an operat- 
ing schedule to utilize existing storage 


sor 


|_| 
: 
‘ 
Item 
= 
= 
75.2 
@ 2 
q é 
j 


September 1950 SAFE RESERVOIR YIELD 


TABLE 3 
Monthly Average Yield and Rainfall 


Yield per Square Mile Rainfall Collected 
Rainfall 


in, | 
med cfs . per cent 


Wachusett, 1897-1948 


4,017.3 20. 1. 

3,831.1 1. 

8,601.8 3. 

7,311.8 26. 3.502 
4,491.1 34! 2.081 
2,872. 1.376 
1,621. 0.752 
1,294. 0.600 
1,427. 0.684 
1,536.0 0.712 
2,644.2 1.266 
3,701.1 1.715 


43,349.7 ‘ 1.705 45.56 


Sudbury, 1875-1948 
2,603.4 ‘ 3.96 
3,031.3 3.83 
6,152.9 6. 4.22 
4,436.3 ‘ 3. 3.65 
2,528.1 3.28 
1,232.1 3.45 
535.5 35! 3.65 
428.0 ‘ 4 3.73 
566.4 3.56 
819.8 3s 3.39 
1,681.8 74 1S. 3.89 
2,267.9 97; 505 3.77 


Year | 26,283.5 9S 1.481 44.38 


Cochituate, 1863- 1948 


1,090 1.687 
2.183 
2.247 3.477 
1.718 2.658 
0.997 1.543 
0.535 0.827 
0.332 0.514 
0.325 0.503 
0.389 0.601 
0.455 0.704 
0.728 1.127 
0.938 1.451 


0.928 | 1.435 


821 
ne Month Yield 
Jan. 383 | 26 560 
Poe Feb. 3.64 2.047 | 56.3 
Mar. 410 | 4.596 112.2 
Apr. 3.86 3,907 101.2 
May 3.52 2400 68.1 
June 3.99 1.535 38.4 
July | 3.99 0.866 21.7 
Aug. 3.78 (0.601 | 18.3 
Sept. | | | 19.5 
iy) Oct. 315 | 0.821 26.1 
Nov. 3.91 1.4143 | 36.2 
Dec. 3.88 1.978 | 51.0 
Year 23.163 50.8 
q 
Jan. 1,992 50.3 
ap Feb. 2.319 60.6 = 
Mar. 4.708 (| 111.6 
Apr. | 3.395 | 93.0 
x May 1.934 | 59.0 al 
June 0.943 | 27.3 
July 0.410 11.2 
ie Aug. 0.328 8.8 & 
Sept. 0.433 | 12.2 
Oct. | 0.627 18.5 
Dec. 1.736 46.0 
¥ 
20.112 | 45.3 
Jan. 588.1 1.945 49.7 
Z Feb. 693.4 3.77 2.293 60.8 ‘ 
- Mar. 1,212.2 4.26 4.009 94.1 
a Apr. 896.9 3.76 2.966 78.9 
ie May 537.8 3.46 1.778 51.4 
June 279.2 3.42 0.923 27.0 
July 179.1 3.87 0.592 15.3 
Aug. 175.4 3.89 0.580 14.9 
Sept. 202.8 3.59 0.671 | 18.7 
Oct. 245.5 3.66 0.812 | 22.2 
Dec. | 505.8 | 3.70 1673 | 45.2 
Yeor | 5,904 | | 19.499 | 43.0 
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in the older Wachusett and Sudbury 
Reservoirs to the best advantage, and 
the Quabbin Aqueduct to its maximum 
capacity. 

In preparing the operating schedule, 
and in computing the yield, a liberal 
demand rate assumed. Allow- 
ances were made for evaporation from 
water surfaces, the effect of ground 
storage, legal releases. and diversions 
by other municipalities and institutions 
having rights to water from these 
sources. Ground water storage im 
Quabbin Keservoir was estimated to 


was 


TABLE 4 
Evaporation From Water Surfaces 
Month Evaporation 


m. 


Jan. 0.96 
Feb. 1.05 
Mar. 1.70 
\pr 2.97 
May 4.46 
June 5.54 
July 5.98 
\ug. 5.50 
Sept. 4.12 
Oct. 3.16 
Nov. 2.25 
Dec 1.51 

Total 39.20 


he about 15 bil.gal. FitzGerald’s evap- 
oration table (Table 4) was used in 
computing losses from water surfaces 
due to evaporation 

The study showed that, operating the 
Wachusett-North Sudbury system as 
a unit with the Ware and Swift sys- 
tem, about 15 mgd. would be added to 


the safe yield by eliminating this 


amount of spillway waste at Wachu- 
sett Dam 

It was indicated that no increase in 
yield would result by having more than 
about 212 bil.gal. of storage in Quabbin 
Reservoir 


In order to provide for the 
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ultimate development of the water dis- 
trict, however, studies were made of 
the storage required to develop ap- 
proximately 272 square miles of the 
Millers River watershed, adjacent on 
the north to the Swift watershed, and 
estimates were prepared of the cost of 
constructing Quabbin Reservoir with 
sufficient capacity to utilize the water 
from Millers River. These computa- 
tions showed that an additional 189 


TABLE 5 
Safe Yield of Boston Metropolitan Watersheds 


Max Vield*— mgd. 
Avail 
Watershed \rea able | 
| Storage Per 
bil gail 


Total | Square 
Mile 


Wachusett 


North Sudbury 135.4¢ 65 | 133 | 0.98 
Ware 40 O41 
Swift 186.0 417§ 154 0.83 

T otal 418.2 327 0.78 
Millers River 

(future) 272.0 189 0.70 


* The following losses due to Massachusetts statutory 
restrictions and War Dept. requirements have been 
deducted in computing the above safe yields: Ware 
River—3.0 mgd. (War Dept.); Swift River--10.6 med 
War Dept 13.1 mgd. (Massachusetts legislation) 
total losses, 26.7 med 

t Includes 20.7 square miles controlled by Worcester 

t Storage provided for in Quabbin and Wachusett 
Reservoirs 

§ Includes about 15 bil gal. of ground storage. 

Storage provided for in Quabbin Reservoir 


mgd. could be obtained from Millers 
River by increasing the height of Win- 
sor Dam only 27 ft. With future re- 
quirements in mind, it was decided to 
build the dam to elevation 530 at this 
time, giving the reservoir a total avail- 
able storage capacity of 417 bil.gal., in- 
cluding about 15 bil.gal. of ground 
storage, but excluding approximately 
10 bil.gal. below the sill of Quabbin 
Aqueduct intake. The results of these 
studies are summarized in Table 5. 


Zz 
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New York Control Curves—Edward J. Clark 


Several years ago control curves 
were developed for the safe and most 
economical utilization of the Catskill 
and Croton watersheds. These curves 
show the storage, on any date in each 
of the reservoirs, which is required in 
order that the reservoir may be full on 
the succeeding June 1, assuming vari- 
ous percentage years* and a draft 
equal to the maximum capacity of the 
aqueducts. The reason for adopting 
June 1 as the date on which the reser- 
voirs should be full is that the draw- 
down usually begins about that time. 

In the use of these curves, the actual 
storage in the reservoirs is plotted on 
the charts, except for the seven months, 
November through May, for which the 
storage is adjusted to include the equiv- 
alent ‘water content of snow, ice and 
frost on the watersheds. This ad- 
justed storage is computed by adding 
a percentage of the water equivalent of 
the precipitation after November 1 to 
the storage on November 1 and de- 
ducting the draft after that date. The 
frost usually sets in about November 1 
and all of the spring yield due to snow, 
ice and frost usually runs off by the 
end of May. The difference between 


*The term “percentage year” refers to 
the ratio between the number of years a 
given yield has been equaled or surpassed 
and the total number of years of record. 
For example, a “75 per cent year” is one 
whose yield has been reached or exceeded 


in 75 out of 100 years.—Ed. 


the adjusted and actual storage is the 
so-called “frozen storage.” The per- 
centages to be applied to the water 
equivalent of the precipitation in order 
to compute the “frozen storage’ are 
obtained from studies of past records. 

In operating with these curves, an 
attempt is made to have the storage 
in each of the watersheds, at all times, 
fall on the same percentage year. This 
is done by increasing (if possible) or 
decreasing the draft, as may be neces- 
sary, from one of the watersheds in or- 
der to equalize storage with the other, 
so far as the percentage year 1s con- 
cerned. By this method, the reservoirs 
in each of the watersheds have the 
same chance of filling by the succeed- 
ing June 1. 

The control curves were developed 
in the following manner: Runoffs for 
any desired period were obtained from 
the records. The periods used, start- 
ing with the month of May and going 
backwards, were: May; then the sum 
of May and April; then the sum of 
May, April and March; and so on, 
until the runoffs for the twelve months, 
May through the preceding June, were 
covered, during the years of record. 
The runoff for each of the months from 
November through May was adjusted 
as “potential runoff” to include the 
“frozen storage” on the watershed and 
was based on the percentage of pre- 
cipitation yielded for this period (No- 
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vember through May) each year for 
the years of record. 

The runoffs for the month or sum 
of months (as indicated above) for the 
years of record were then arranged in 
an array and plotted on probability 
paper. A series of twelve curves re- 
sulted. From these curves the yields 
for the months for various percentage 
years were obtained. The monthly 
points on the control curves for each 
percentage year considered were ob- 
tained by deducting the total draft be- 
tween the month in question and the 
following June | from the correspond 
ing yield and plotting the difference as 
a depletion below full reservoirs on 
June 1. This procedure was repeated 
for each month of the year 

The charts for each of the water- 
sheds showing the percentages to be 
applied to the water equivalent of the 
precipitation im order to compute the 
“frozen storage” were developed as 
follows: 
November, the percentage of rainfall 
was correlated 


Beginning with the month of 
vielded in that month 
with that yielded for the seven months 
November through May. For exam- 


ple, the percentage yielded in Novem 


ber 1910) was plotted that 
vielded for the seven-month period No 
vember 1910 through May 1911. Sim- 
ilarly, the percentage of rainfall yielded 
in November 1911 was plotted against 
that vielded for the seven-month period 
November 1911 through May 1912 
This was done for the period of record, 


against 


resulting in a chart with a wide scatter 
ing of In drawing a curve 
through 
weight was allowed on the conservative 


The process of correlating the 


points 


these points, considerable 
side 
percentage of rainfall yielded was re 
peated for the sum of the months of 
November and December; November, 
and so on, 


December and 


the 


January ; 


seven months, November 
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through May, were considered and 
curves obtained for group of 
months. 


each 


New York Supply 


Before how the control 
curves are used as a guide in drawing 


showing 


upon ‘the city’s water resources with 
safety and greatest economy, it is es- 
sential to mention, briefly, what the 
municipal sources are. At present, 
they consist of : 

1. The Catskill and Croton water- 
sheds, which are the two main sources 
and have a dependable yield of 8&5 
mgd 

2. Stream flow from Rondout Creek, 
diverted through a temporary emer- 
gency connection to the Delaware 
Aqueduct, which can be depended on 
to furnish 35 mgd. 

3. The Bronx and 
sheds, with a safe yield of 10 mgd. 

4. Long Island sources, consisting 
suriace infiltration 
galleries and driven wells, which can 
he depended on to yield 80 mgd. 

5. Driven wells in the Borough of 
Richmond, yielding 5 mgd. 

The tota! dependable supply from 
municipal sources is 1,015 mgd 

In normal operation, to determine 
the order im 
utilized, 
into consideration : 

1. The Catskill, Rondout, Bronx 
and Byram sources provide a high- 
level supply and require no pumping 
in the city, except for a very small 
some 


Byram water- 


of small streams, 


which these sources are 


to be these facts are taken 


quantity which is boosted to 
areas above the gradient of the distri- 
bution reservoirs 

2. Croton water is delivered to the 
city by gravity, but about 60 per cent 
of this water must be pumped within 
the city limits to reach higher ground 
elevations 

3. Water from Island and 


Long 


| 
4 
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Richmond sources must be pumped, 
and, in some cases in the Long Island 
system, the same water is pumped at 
three separate points. 

It thus becomes apparent that in 
time of plenty, for reasons of economy, 
the high-level supplies are utilized to 
best advantage commensurate with 
safety. These are supplemented with 
Croton water to meet the demand, and, 
should the consumption be greater 
than the capacities of the Catskill and 
Croton Aqueducts, the Long Island 
sources are then placed in operation. 
When drought conditions obtain, all 
of the water sources are used, in order 
to relieve the drain on the reservoirs, 


Use of Curves 


With the foregoing information as 
a background, the operation of the 
system from June 1, 1949, to May 1, 
1950, will serve to illustrate how the 
control curves were used during the 


water shortage. 

As shown in Fig. 1, the Croton and 
Catskill (Schoharie and Ashokan) 
reservoirs were virtually full on June 
1, 1949. On that date the drought 
started and, at the same time, con- 
sumption from municipal sources, in- 
cluding water supplied to communities 
outside the city limits, rose to about 
1,250 mgd. Under these conditions 
of low rainfall and high consumption, 
although all available sources of supply 
were used to capacity, storage in the 
reservoirs fell rapidly. In view of this 
situation, on October 14, the mayor is- 
sued an appeal to the public to con- 
serve water by all possible means. On 
that day, the reservoirs were at only 
51.3 per cent of capacity. 

From the control curves, it can be 
seen that it would have required a 25 
per cent year in the Croton and a 33 
per cent year in the Catskill water- 
sheds to fill the reservoirs by the fol- 
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lowing June 1. It was not possible 
to have the storage in these two sys- 
tems fall on the same percentage year 
because the high consumption at the 
time required all sources of supply to 
be utilized to the maximum capacity 
of the aqueducts. Also, Kensico 
Reservoir, which is the safety and 
equalizing reservoir for the high-level 
supply, was at 45 per cent of capacity 
and was being depleted at a very rapid 
rate (the draft was much higher than 
the aqueducts could deliver). It was 
estimated that, if the storage in this 
reservoir fell below 37 per cent of ca- 
pacity, hydraulic conditions might 
make it impossible for the Catskill 
Aqueduct to deliver the quantity of 
water needed for consumption. 

The response to the mayor's appeal 
was very poor during the first few 
weeks, and, as a consequence, Kensico 
contined to be depleted until October 
29, when it reached the lowest point, 
with storage at 44 per cent of capacity. 
This was the lowest storage it had ever 
contained since being placed = in 
operation. 

The drive to save water continued, 
but it was not until the middle of De- 
cember that consumption dropped 
about 300 mgd. below the figure ob- 
taining during the period immediately 
preceding the appeal. In these weeks 
the combined storage in the Catskill 
and Croton reservoirs continued down- 
ward, reaching its lowest point at 33.4 
per cent of capacity on December 12. 
After that date the combined storage 
began to rise. 

Since the primary concern was to 
fill Kensico, maximum deliveries from 
all sources were continued, regardless 
of storage conditions in the reservoirs. 
This action, coupled with the 300- 
mgd. reduction in consumption, helped 
to replenish Kensico storage, so that 
on February 1, 1950, it was at 90 per 
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cent of capacity. In order to provide 
space in this reservoir for the spring 
runoffs of the Bronx and Byram 
watersheds, which is impounded by 
Kensico Dam, the delivery irom the 
Catskills was reduced and Croton 
pumpage in the city was curtailed. 
Toward the middle of February the 
potential storage (including “frozen 
storage”) in the Catskills was on the 
25 per cent year control curve; how- 
ever, in the Croton, it was much below 
that point. In order to balance these 
storages, all of the stations in the city 
pumping Croton water were shut 
down, thereby alleviating to some ex- 
tent the drain on the Croton reservoirs. 
Although there was a disparity in 
the storages as indicated by the con- 
trol curves, it was not thought ad- 
visable to transfer storage, at this time, 
from the Catskill to the Croton system, 
because the chances of filling the Cats- 
kill reservoirs by June 1 were only 
one in four (25 per cent year control 
curve), an eventuality which was con- 
sidered improbable. The transfer of 
high-level supply to low level, neces- 
sitating subsequent pumping, is not 
good economy unless there is a fair 
chance that the high-level supply reser- 
voirs will fill and waste while the low- 
level supply reservoirs are depleted. 
Near the end of April 1950 it was 
noted that the storage in the Catskills 
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was on the 50 per cent control curve 
(an even chance of filling by June 1) 
and that the storage in the Croton was 
much below the 25 per cent curve 
(with about one chance in a hundred 
of filling by June 1). It was therefore 
decided to transfer storage from the 
Catskill to the Croton reservoirs, 
which was accomplished by increasing 
the draft from the Catskills to the 
maximum delivery of the aqueduct and 
opening the blowoff connection into 
Croton Lake, one of the Croton reser- 
voirs. Also, Rondout water, which, 
as already mentioned, is part of the 
high-level supply, was permitted to 
flew into the Croton system. This 
procedure is being continued at 
present. 

In passing, it may be of interest to 
mention that, as a result of the con- 
servation campaign, more than 50 bil.- 
gal. of water had been saved by May 1. 
Were it not for this saving and the 
reduced quantity of water which is 
presently being consumed, the water 
shortage in New York City would 
probably become acute in the late fall 
or early winter of 1951. The people 
of New York City are to be com- 
mended for the splendid cooperation 
they have given and are continuing to 
give in reducing their use of water 
to a minimum. 


New York Dependable Supplies—Abraham Groopman 


New York City’s two main sources 
of surface water supplies, the Catskill 
and Croton watersheds, are located 
approximately 75 miles apart. The 
Catskill watershed, a source of high- 
level supply, has an area of 571 square 
miles and a reservoir storage of 150 
bilgal. The Croton watershed, a 
source of low-level supply, has an area 
of 375 square miles and a reservoir 
storage of 103 bil.gal. 


In estimating the dependable sup- 
plies for these watersheds by the mass- 
diagram method, 25 per cent of reser- 
voir storage was held in reserve and 
not added to the runoffs, for reasons 
which will be explained later. On 
this basis, the dependable supply of the 
Catskill, for which there is a runoff 
record of 43 years, is 527 mgd.; for 
the Croton, based on 82 years of rec- 
ord, it is 315 mgd. Thus, for both 
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systems, treating each as a separate 
unit, the dependable supply is the sum 
of 527 and 315, or 842 mgd. 

In actual operation, however, these 
separate systems are unified. At times 
of excessive depletion of Croton stor- 
age, Catskill water is drawn at full 
aqueduct capacity and part of it is 
transferred to one of the Croton reser- 
voirs by means of a blowoff connection 
to the Catskill Aqueduct. Similarly, 
Croton water is pumped into the Cats- 
kill Aqueduct at times of high Croton 
and low Catskill storage. There are 
also other means of transferring high- 
level water to the Croton system, and 
Croton water to the high-level supply. 
It is therefore evident that the Catskill 
and Croton systems are really one sys- 
tem and should be considered as such 
in determining the dependable supply. 

From the mass diagram of the com 
bined runoffs of the Catskill and 
Croton watersheds, utilizing only 75 
per cent of the total combined storage 
in maintaining flow, the dependable 
vield is S88 mgd. An increase of 46 
mgd. (S88 — 842) in the dependable 
supply is thus obtained by considering 
the watersheds as one system instead 
of two. This increase can be explained 
by the fact that, in determining the 
dependable supply for each watershed 
separately, the drawdown periods do 
not occur at the same time. The be- 
ginning of the driest drawdown (upon 
which the dependable supply is predi- 
cated) on the Croton was May 31, 
1929, while, on the Catskill, it was 
June 21, 1930, more than a vear later 
The dates of maximum reservoir de 
pletion were February 13, 1931, on 
the Croton, and March 22, 1931, on 
the Catskill, a difference of 37 days. 

In employing combined yields, the 
drawdown begins on June 1, 1929, and 
ends on March &, 1931. The effect of 


incorporating the preceding year in 
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the Catskill drawdown is to include a 
year of relatively high yields, thereby 
changing the average draft from 527 
to 558 mgd., an increase of 31. The 
effect of the maximum reservoir deple- 
tion on the Croton, occurring before 
the corresponding date on the Catskill, 
permits the average Croton draft to be 
raised from 315 to 330 mgd., an in- 
crease of 15. Thus, the total increase 
in the dependable supplies is 46 mgd. 

The reasons for not including 25 per 
cent of the reservoir storage with the 
runoffs in computing the dependable 
supply are: 

1. To have a reserve storage, should 
a period oceur which is drier than that 
experienced in the past. 

2. To allow for the effect of silting, 
which has probably reduced the avail- 
able reservoir capacity, but the extent 
of which is not known. 

3. To provide for that quantity of 
the storage which is unavailable at full 
aqueduct delivery. (Approximately 20 
bil.gal. cannot be drawn from the reser- 
voirs at the full capacity of the aque- 
ducts because of hydraulic conditions. ) 

4. To have a reserve supply in the 
event that as dry a period as the one 
upon which the dependable supply is 
based should occur while the spring 
runoff is delayed. In this situation, 
although billions of gallons might be 
frozen on the watersheds, the reser- 
voirs would be empty if no reserve 
storage were provided. 

It is believed that a reserve storage 
of 25 per cent is a reasonable allow- 
ance for these contingencies. 

In passing, it may be of interest to 
mention that a considerable difference 
in the safe draft obtained from the 
mass curve is found when daily rather 
than monthly yields are used. Daily 
yields give a lesser quantity and their 
use is, of course, the more accurate 
method 
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Wanaque System—Charles H. Capen 


The dictionary defines the noun 
“yield” as “the amount yielded ; prod- 
uct; result”; and the verb, as “to be a 
natural source of; give forth.” “Safe” 
is defined as “not likely to disappoint ; 
free from doubt or error”; while “de- 
pendable” means “trustworthy; reli- 
able.” The Glossary—Water and 


Sewage Control Engineering (1) de 
fines “safe yield” as: “The maximum 
dependable draft which can be made 
continuously upon a source of water 
supply (surface or ground water) dur- 
ing a period of years during which the 
probable driest period or period of 


greatest deficiency in water supply is 
likely to occur. Dependability is rela- 
tive and is a function of storage pro- 
vided and drought probability.” 

The fly in the ointment is that each 
water works man places his own inter- 
pretation on the assembly of words 
constituting these definitions. To a 
large extent, the fault is one of long 
standing. It lies in the fact that, for 
some hydraulicians 
have formed the habit of computing 
results down to the last decimal with- 
most 


o»scure reason, 


out any margin of safety. In 
other branches of engineering, safety 
factors are provided—as high as four 
in structural design, for example. 


Estimated Yield 

Until a few years ago it was cus- 
tomary to draw a mass diagram of 
runoff, reservoir drawn 
down to the point of complete exhaus- 
tion of available storage and then com- 
pute the yield from the slope of the 
line between the corresponding points 
on the diagram. When the Wanaque 
system (operated by the North Jersey 
Dist. Water Supply Commission) was 
being designed, the above method was 
used. At that time there were few 


assume a 


records of runoff available for the 
Wanaque watershed, so that it was 
found necessary, and quite plausible, 
to accept a 30-year record of runoff for 
the adjacent Pequannock watershed. 

During the design period a study 
was also made of the Hazen method 
(2), which, if one assumes the proper 
percentage year, can be found to be 
nearly in conformance with the mass- 
diagram method. After most of the 
design period had elapsed, the Sudler 
method (3) was published and was 
applied to the figures then available. 

As if prophetic of what was to come, 
Brush (4) commented on the Sudler 
and Hazen findings, expressing much 
reluctance to accept the term 
vield” and pointing out that in all com- 
putations or methods heretofore ad- 
vanced, it had been customary to as- 
sume not only that the reservoir would 
be drawn down to the minimum avail- 
able storage level, but also that rain, 
in sufficient quantities, would fall at 
precisely the right time to replenish 
the storage. The subsequent sugges 
tion by Brush to allow a reserve stor 
age of 25 per cent received rather 
widespread approval by all conserva- 
tive water works men. Certainly, that 
margin is not too great. 


Yield of Wanaque System 


In order to show what the effect of 
these various methods has been on the 
estimate of the Wanaque system yield, 
the results of computations made many 
years ago, as well as others of recent 
origin, are given in Table 1. 

Because of the fact that these figures 
have been calculated by several dif- 
ferent engineers over a long period of 
years, the assumptions about maxi- 
mum available storage are not all 
strictly comparable. Nevertheless, the 
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results are believed to be of sufficient 
importance to bring to the attention 
of those interested in computing yields. 

It may be seen from Table 1 that, 
in the early years of design of the 
Wanaque system, the estimated yield, 
according to the mass-diagram method, 
was 106 mgd. As the required stream 
compensation flow at that time was 
considered to be 7 mgd., the net was 
close to the 100 mgd. which the supply 
was expected to yield. 
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can be added to the Wanaque record 
of 1920-49 (and careful comparison 
shows that this is reasonable), it may 
he observed that the average of the 
three methods is reasonably close to 
that of the mass diagram, provided 
the proper percentage year is chosen. 
It becomes pertinent to inquire, how- 
ever, what percentage year is desirable. 

This question brings to the fore- 
ground the author’s basic plea to hy- 
draulicians to stop computing on the 


rABLE 1 


Estimates of Yield of Wanaque Reservoir 


Method Stream Record (sed 


Pequannock 
W anaque 
Wanaque 


Mass diagram 


Hazen Pequannock 
Pequannock 
Wanaque 
Wanaque 
Sudler Pequannock 
Pequannock 
Wanaque 
Wanaque 
Wanaque 
Wanaque 


Vears of Record 


Gross Vield* 
med 


Percentage \Vear 
1892-1920 106 
1920-1927 
1920-1949 


1892-1920 
1892-1920 
1920-1949 
1920-1949 


1892-1926 
1892-1926 
1920-1925 
1920-1925 
1920-1949 
1920-1949 95 


* By terme of the grant from the state, Wanaque Reservoir must allow 10 mgd. downstream as compensation 
water, so that the grows yield must | reduced by that amount to obtain the net available supply which may be 


delivered to consumers 


Simultaneously with completion of 
the project came the depression and 
the 1929-32 dry period. There fol- 
lowed a definite realization of the in- 
ability of the source to furnish the 
water allocated. Also, it found 
necessary to provide 10 mgd. of com- 


was 


pensation water, instead of 7 mgd., so 
that the gross figures presented in 
Table 1 all have to be scaled down by 
that amount to show net vields 

If it is assumed that the Pequannock 
long-time record (from 1892 to 1920) 


hasis of allowing absolutely no margin 
of safety. Likewise, a more wide- 
spread use of the 25 per cent reserve 
storage method suggested by Brush is 
urged. It follow that this 
factor is safe to use universally, but 
it appears to have a very sound foun- 
dation for the New York City area, 
to which its application was first sug- 
gested. The Wanaque yield, on this 
basis, would be 90 mgd. gross or 80 
mgd. net, again allowing for 10 mgd. 
as compensation water. 
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In the operation of the Wanaque 
system, however, because of its high 
storage ratio and consequent ability to 
remain drawn down for more than 
one dry year, advantage has been 
taken of the availability of surplus wa- 
ter from other interconnected sources. 
Therefore, the Wanaque net yield has 
for many years been estimated as 85 
mgd. Events of the last year have 
proved that this is a reasonable as- 
sumption, and it is known that the 
figure may be raised considerably if 
full use is made of such surpluses. 
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In 1939 the author directed a joint 
stidy of all existing and potential in- 
terconnections. Many of the facilities 
outlined and recommended as a result 
of this study’ were constructed, some 
by individual financing and others by 
funds furnished by the state. 

A prediction of 1937 (5) to the 
effect that a shortage could be expected 
in this area in the 1940's appeared to 
be on the verge of fulfillment in 1942, 
when, under the impetus of increased 
war usage plus a dry period, water 
consumption in the North Jersey Dist. 


TABLE 2 
Reduction of Water Use 


Water Use-—med. 


Newark 
Passaic Valley Water Com. 


Bayonne* 
Kearny 


Montclair 
Glen Ridge 


Total or avg. 


39.9 


Reduction Remarks 


balance from Pequannock 


balance from Passaic R. 


j 
preduction by curtailment 


\ 


} 


-reduction by curtailment 


* By purchase. Other users are Wanaque system participants 


Methods of Avoiding Shortages 

During the 1930's the Wanaque 
supply was regarded in some quarters 
as almost a white elephant. Around 
1927 considerable thought was given 
by the North Jersey Dist. Water Sup- 
ply Commission to additional inter- 
connections among the large systems 
crossing and recrossing each other in 
northern New Jersey. There was no 
method by which these connections 
could be financed at the time, but later 
certain powers were vested in a state 
agency for this purpose. 


gave evidence of outstripping yields, 
particularly with reference to the Wa- 
naque supply. <A similar condition 
occurred in 1944. In each instance, 
water was held back from the Wa- 
naque compensation flow, and sources 
which had no shortage were drawn on 
to a much greater extent in order to 
conserve water in the Wanaque 
Reservoir. 

The district commission formulated 
a plan for diverting water from the 
nearby Ramapo River into Wanaque 
Reservoir and advanced the scheme as 


User 
May May 1-15 | 
1949 1950 
33.3 15.7 52.9 | 
31.4 2.7 91.4 
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soon as the war was over. Rights to 
the diversion were, however, denied 
by the state. Realizing that the situ- 
ation would again become critical, the 
commission recommended the same 
diversion early in 1949 and, before the 
beginning of the present dry period, 


had received suppert for the plan. 
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and voluntary cooperation, the various 
partners in the supply have made a 
continued and united effort to publi- 
cize the need of conserving water. In 
addition, Newark, N.J., has drawn 
more water from its Pequannock sup- 
ply into the area normally served with 
Wanaque water, and the Passaic Val- 
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eventually it sanctioned by the 
state, although a long protracted series 
of hearings intervened \t present 
the preliminary work of preparing 


contracts for this construction is well 


Was 


under way 

In the meantime, however, the Wa- 
system has suffered serious 
As a result of conferences 
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Mass Diagram of Runoff 


ley Water Commission, representing 
the cities of Paterson, Passaic and 
Clifton, N.J., has taken virtually all of 
its supply from its filter plant on the 
Passaic River. Both of these opera- 
tions entail additional costs. In turn, 
the North Jersey Dist. Commission 
has, at considerable cost, pumped wa- 
ter from the Jersey City Aqueduct 
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into Wanaque pipelines. The net re- 
sult of all of these operations has been 
to reduce the monthly draft of the 
Wanaque Reservoir from nearly 100 
mgd. in May 1949 to about 25 mgd. 
in May 1950. This situation, of 
course, cannot continue long. The 
surplus in other sources will not be 
available much longer; compensation 
flow (shut off by order of the governor 
in December 1949) will have to be 
reinstated, at least during summer 
months ; and summer peaks will again 
be reached, to some degree. 

Much work has been done by indus- 
try and other large users in this area 
to reduce waste of water. Air-condi- 
tioning uses are being constantly cur- 
tailed by the installation of conserva- 
tion equipment. Perhaps one of the 


most potent factors in lowering pres- 
sures and wasting water in the past has 
been the promiscuous use of street 
sprinklers for children on hot days. 


Stillson wrenches have afforded every 
neighborhood with a ready means to 
open hydrants. Police were kept busy 
trying to stop such practices, but their 
efforts were usually unpopular and of- 
ten accomplished only feeble results. 
This summer will be different, if the 
water men have any voice in the matter. 

In further explanation, it may be 
pointed out that the larger cities draw- 
ing water from Wanaque Reservoir 
have effected a saving of 15 per cent 
or more. The residential areas have 
aimed at a 50 per cent curtailment, 
although this goal has not quite been 
achieved. Nevertheless, Montclair, 
N.J., very largely residential, found it 
necessary to add a 30 per cent sur- 
charge on all water bills because the 
water bureau revenue decreased so far 
that it was found impossible to keep 
within the budget and more money 
had to be obtained. 
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To show how the curtailment has 
been realized, Table 2 gives the actual 
usage in May 1949 and in the first 
half of May 1950, divided among the 
principal users. 

The actual draft from Wanaque Res- 
ervoir in the first half of May 1950 was 
364.0 mil.gal., or 24.3 mgd. The dif- 
ference between this figure and the 
39.9 mgd. used by the municipalities is 
15.6 mgd., which was made up by 
water taken through two large inter- 
connections with the Pequannock 
(Newark) and Rockaway (Jersey 
City) sources. 

Final settlement of the distribution 
of costs of these emergency operations 
has not been made. For the present 
they are being paid out of available 
funds by those carrying out the work. 
Discussions have already taken place 
toward the formation of a mutually 
satisfactory plan to allocate 
Eventually the expense will have to be 
borne by the water users, and efforts 
are being made to distribute the burden 
as equitably as possible. 


Future Outlook 


Realizing that a positive program 
had to be laid out and followed, the 
district commission, with the collabora- 
tion of the partner municipalities, 
plotted on a mass diagram the accu- 
mulated runoff and probable future 
minimum runoff, and then estimated 
the permissible draft assuming these 
conditions. This chart was prepared 
late in 1949, and it was agreed that the 
total draft (excluding compensation 
water) for 1950 should not exceed an 
average of 70 mgd. Figure 1 shows 
what has been accomplished to date 
along this line. The total draft has 
been diminished well below the per- 
missible limit established, but summer 
drafts are expected to bring the total 
above the desired limit by September. 
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Unless runoff exceeds a reasonably ex- 
pected volume, it will be necessary to 
continue severe limitations on usage 
during the fall of 1950 and possibly 
well into 1951. 

It is hoped chat before the 1951 
summer season water available from 
the new diversion will make it unnec- 
essary to enforce further curtailments. 
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placed in service a complete new water 
supply. The supply now comes from 
Lake Winona, an artificial mountain 
lake located 33 miles west of the city 
This paper deals with the actual per 
formance of the watershed for the pe- 
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compared with preliminary assump- 
tions made in 1935. 

The current water shortages that 
have been experienced in the north- 
eastern section of the United States 
have caused many cities to become 
concerned regarding the adequacy ot 
their impounded supplies. When the 
drought years come and the level in 
the water supply reservoirs sinks lower 
and lower, the one question most fre- 
quently asked is, “Why wasn’t more 
storage capacity provided in the first 
place?” In some localities, additional 
storage would have been economically 
justified; in others, a larger expendi- 
ture of funds would have failed to 
increase the safe yield materially. The 
question of the amount of storage which 
should be provided in a_ particular 
drainage area can best be answered by 
discussing the actual performance of a 
developed watershed, such as the one 
now in service at Little Rock. 
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The Winona watershed is quite simi- 
lar in many respects to those developed 
60-100 years ago for a number of cities 
in the New York area. The principal 
physical statistics are given in Table 1. 

The watershed which feeds Lake 
Winona lies almost wholly within the 
Quachita National Forest and is cov- 
ered by a rich pine forest. As a result 
of the sandstone and shale formations 
of the timbered mountains which lie 
within the watershed, the runoff is an 
unusually soft water. The hardness of 
the raw water averages about 9 ppm., 
while that of the finished water aver- 
ages only about 18 ppm. The turbidity 
of the water is extremely low. The 
major portion of the lake is more than 
70 ft. deep, and the intake is so de- 
signed that water may be drawn from 
any one of four different levels. The 
average depth of the lake is about 33 ft. 
The question of silting is no problem 
in Lake Winona, the reservoir capac- 
ity below the lowest intake port being 
considered an adequate silting allow- 
ance for many years. 

There are no permanent habitations 
within the drainage area. All fishing 
and boating are prohibited. 

The average water level in the lake 
is 225 ft. above the level of the treat- 
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TABLE 1 
Physical Data 


Watershed 


Area (including lake)—sq.mzi. 
Annual rainfall (normal)—n. 


Lake Winona 


Area—sq.mt. 

Max. length—#mz. 

Max. depth—ft. 

Avg. depth—/t. 

Storage capacity—bil. gal. 
Usable capacity —b1/.gal. 


Alum Fork Dam 


Length—/t. 
Maximum height—/f. 
Type: rolled earth fill 


Pipeline (Gravity) 


Length*— mi. 

Inside diameter—in. 
Capacity—-med. 

Max. head—psz. 

Terrain: rugged and mountainous 


Auxiliary Reservoir 


Usable storage—mil.gal. 
Extent of supply t—days 
Distance from city—#mt. 


Relative Elevations 


Spillway, Lake Winona 
Settling basins, purification plant 


* Including auxiliary reservoir connection. 
t At present. 


ment plant, which is located on high 
ground overlooking the city. Water is 
delivered to the plant by gravity, and 
the major portion of the distribution 
system is also served by gravity. A 
pressure of about 75 psi. is maintained 
in the business section. 

The population now served is esti- 
mated to be about 160,000. The aver- 
age consumption is 13.0 mgd., and the 
maximum is about 20.0 mgd. 
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Rainfall and Runoff 


Calculations have been made to de- 
termine as nearly as possible the nor- 
mal relationship between rainfall and 
runoff. Rainfall-runoff data for 1939- 
49 are shown in Fig. 1 and Table 2. 
In order to determine the trend of the 
rainfall-runoff curve more accurately, 
all runoff data available for adjacent 
streams were also considered. 

For any given year, the runoff in 
inches was estimated by taking into 
consideration rainfall, reservoir level, 
spillway overflow, diversion and water 
usage. From the records available, it 
was possible to compute the runoff by 
months for the entire period. Here, 
incidentally, is a very good example of 
the importance of keeping thorough 
records of water system operation. 
The values shown in Fig. 1 do not 
include any allowance for evaporation 
from the reservoir surface or for rainfall 
thereon. The maximum drawdown for 
the period 1939-49 was 10 ft., which 
represents a usable-storage depletion of 
about 30 per cent. 

As indicated in Fig. 1, two of the 
points represent assumptions made in 
the 1935 preliminary report. At the 
time of the report, watershed yield was 
based on rainfall records for Little 
Rock, which are available from 1878. 
The average annual rainfall in Little 
Rock is about 48 in. Rainfall records 
have been kept also in Hot Springs 
since 1889, the average annual precipi- 
tation being 53 in. 

It was assumed in the preliminary 
report that a drought period of three 
years would prevail, each with an aver- 
age annual rainfall of 25 in. The an- 
nual runoff for this period was esti- 
mated to be 5.35 in. (see Fig. 1), as 
compared with 17.57 in. for an average 
precipitation of 48 in. The assumption 
of this three-year drought period was 
considered quite drastic, since the worst 
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drought on record was for a two-year 
period, when the rainfall was 31.57 
and 32.52 in. It was concluded in the 
prelimimary report that the storage ca- 
pacity recommended would be adequate 
for the needs of Little Rock during the 
next 40 years. In spite of the drastic 
assumptions made for runoff during the 
three-year drought period, it now ap- 
pears doubtful that the present storage 
capacity will meet the needs of Little 
Rock for as long a time as originally 
estimated, one very good reason being 
that the demand for water has almost 
doubled in the decade 1940-50. For 
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Fic. 1. Rainfall-Runoff Curve 


the period 1920-40 the demand. re- 
mained substantially static. 

Figure 2 is a mass diagram of runoff 
at Alum Fork Reservoir for the period 
1939-49. It will be noted that the 
maximum rate of draft which could 
have been maintained, based on 85 per 
cent depletion of the usable storage, 
was 32 mgd. On Fig. 2 is also imdi- 
cated the maximum rate of draft from 
an enlarged reservoir created by rais- 
ing the water level 10 ft. It may be 
seen that, even though 4.7 bil.gal. of 


Jour. AWWA 


storage capacity would be added, the 
safe yield for the period would be in- 
creased only from 32 to 35 mgd. The 
explanation is that the reservoir would 
he so large as to require a period of 
six years for complete filling. 

At the time the preliminary report 
was prepared, consideration was given 
to the advisability of constructing the 
dam with the water level 10 ft. lower. 
After taking into account the added 
cost of the spillway due to increased 


TABLE 2 
Rainfall and Runoff, 1939-49 


Runoff 


Rainial) 
Vear 


in per cent | ™ed.per 


1939 =| 44.12 12.00* 27 0.57 


1940 47.58 13.57 29 0.65 
1941 51.72 20.00* 39 0.95 
1942 47.93 20.62 43 0.98 
1943 36.20 10.66 29 0.51 
1944 62.37 29.20 47 1.39 
1945 70.79 53.64 76 2.56 
1946 65.49 34.05 52 1.62 
1947 31.96* 10.36 32 0.49 
1948 57.06 25.07 44 1.19 
1949 66.92 37.04 55 1.76 
Avg 52.92 24.21 


* Estimated data incomplete 


rock excavation, as well as the reduc- 
tion in pondage effect during floods, it 
was concluded that no appreciable 
amount could be saved by constructing 
the lower dam. Hence, it appears 
now, as it did when the preliminary 
studies were made, that the storage 
capacity provided is very close to the 
maximum amount which can be justi- 
fied economically on this watershed. 
Figure 3 is a mass diagram of calcu- 
lated runoff for the drought period 
1916-27, the most prolonged one since 
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Fic. 2. Mass Diagram of Alum Fork Runoff 
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Fie. 3. Calculated Runoff at Hot Springs 
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1878. It will be observed that, for 85 
per cent depletion of usable storage— 
that is, a draft of 10 bil.gal.—the maxi- 
mum safe yield is estimated to be 26 
mgd. Here again, if the water level 
were raised 10 ft., the safe yield would 
be increased to only 30 mgd. and a 
period of eleven years would be needed 
to fill the reservoir completely. It 
must be pointed out that, in the event 
of such a long drought, the rate of 
draft should be indicated by a line 
curving upward because of increased 
demand. This would reduce the safe 
yield below the value shown. 

It is concluded that, for the reservoir 
as now constructed, a four-year drought 
period should be considered. Inciden- 
tally, it is believed that a drought pe- 
riod of four years can be predicted with 
a much greater degree of accuracy 
than can a one- or two-year period 

The question that immediately arises 
is, “What factor of safety should be 
provided in establishing the safe yield 
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when only 70 years of rainfall records 
are available?” In view of the fact 
that about five years should be allowed 
in this instance for the development of 
a new source of supply complete and 
ready for use, it is concluded that, by 
the time the average annual consump- 
tion reaches approximately 20 mgd., 
definite plans should be made for sup- 
plementing the present supply. It 
should be borne in mind, also, that, 
before the five-year period has elapsed, 
the demand may be approaching 25 
mgd. Fortunately, those charged with 
the responsibility of operating the Little 
Rock water system are fully aware of 
the facts and realize the importance of 
advance planning. 

In the author’s opinion, a conserva- 
tive view should be taken, so that addi- 
tional storage capacity will be available 
when it is needed, even if it necessi- 
tates planning for sharply increasing 
demands during periods of drought 
more severe than any on record. 


Summation— William W. Brush 


The documentation on rainfall and 
runoff furnished by the engineers of 
the U.S. Geological Survey shows con- 
clusively that variations in rainfall and 
resultant watershed runoff in the con- 
tinental United States follow no well 
defined pattern that can be depended 
upon in estimating future yields 

Few U.S, records cover even a 100- 
year period, and that is far too short to 
afford a firm basis for estimating for 
the future the probable length of low 
rainfall periods, the amount of rainfall 
and the resultant effect on runoff. 

For the New York City watersheds 
and also for the Wanaque, N.J., water- 
shed, 25 per cent of the storage reser- 
voir capacities have been considered as 
reserves and have not been included in 


estimating the dependable yield from 
those water supply sources. On the 
other hand, for the Massachusetts Met- 
ropolitan Water District, supplying 
Boston and other communities in its 
vicinity, no storage reserve has been 
deducted in computing the yields. 
The effect of siltation in reservoirs 
has been brought out as an important 
yield factor in areas subject to erosion. 
The weight of evidence presented in 
this panel discussion strongly supports 
the contention that a substantial factor 
of safety is needed in estimating the 
yields of watersheds, It is indicated 
that a 25 per cent reserve storage may 
be too small rather than too large a 
factor of safety in estimating depend- 
able yields from surface water supplies. 
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Experience With Fluoridation of Drinking Water 
By Jerome C. Zufeit and Leon A. Smith 


A joint discussion presented on May 22, 1950, at the Annual Con- 


ference, Philadelphia, by Jerome C. Zufelt, Supt., Board of Water 


Comrs., Sheboygan, Wis., and Leon A. Smith, Supt. of Water Works, 


Madison, Wis. 


HEBOYGAN, Wis., has completed 
four years of fluoride treatment. 
It has been well accepted by the public, 
numerous citizens having expressed 
their approval of the project. Dur- 
ing the first year or two there were 
a few inquiries about tastes or milky 
appearance which the customer thought 
might be due to fluoride, but it was not 
difficult to clear up these misapprehen- 
sions. Otherwise, no complaints or 
objections have been registered against 
the program by the general public, in- 
dustries, dairies, soft-drink bottlers, 
breweries or anyone else. As there is 
no commercial manufacture of ice in 
Sheboygan, it did not experience the 
trouble reported (1) at Charlotte, N.C. 

In Sheboygan, the fluoridation pro- 
gram is established by city ordinance 
as a project of the local board of health, 
the water department being the agent 
of that board in applying the fluoride. 
The cost is paid from the health divi- 
sion of the city’s general fund and not 
from water department funds. The 
current cost of the sodium fluoride 
used is $11.14 per 100 Ib., delivered 
to the water plant in 100-lb. paper 
bags. The cost of the chemical is 
$2.12 for each million gallons of water 
treated since 19 Ib. is used. No seri- 
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ous difficulties have been encountered 
in the operation of the gravimetric 
feeder * employed (Fig. 1). A 2-in. 
rubber hose is used to conduct the 
solution from the feeder to the point 
of application in the filtered-water con- 
duit ahead of the clear well. 

Laboratory control of fluoridation 
involves one determination of fluoride 
in the filter effluent before the addition 
of fluoride, and five tap water samples 
each day. Three of the latter are 
taken at the laboratory tap at eight- 
hour intervals, one at the chemist’s 
home and one at a different sampling 
point in the distribution system each 
day. Results are quite uniform, with 
distribution system residuals varying 
from 1.05 to 1.25 and averaging 1.14 
ppm. in a typical month. Standard 
Methods (2) analysis procedure is 
used, 


Safety Measures 


Considerable thought was given to 
the possible hazard to the plant opera- 
tors handling the fluoride and inhaling 
fluoride dust. To counteract this po- 
tential danger, a vacuum dust filter * 
was purchased with the feeder to pre- 


* The feeder and filter used are both prod- 
ucts of Omega Machine Co., Providence, R.1. 
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vent dust from rising into the room 
when the hopper is filled. Dust res- 
pirators and rubber gloves are pro- 
vided for the operators, who are consci- 
entious in their use and in thoroughly 
washing their hands after hopper fill- 
ing. The feed machine itself was made 
as dusttight as possible. 

Figure 2 is a photograph of the dust 
filter, which, it will be noted, is vented 
to the outside. The filter bags can be 
seen in Fig. 3. Figure 4 shows a bag 


Fluoride Feeder 
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of sodium fluoride being emptied into 
the hopper. The absence of dust is 
The safe handling of fluoride 
containing bags and barrels is illus 
trated in Fig. 5 and 6 

There was no reason to doubt the 
effectiveness of these precautions, but 
it was decided to investigate in order 
to establish complete certainty about 
the results being obtained. Arrange- 
ments were therefore made with the 
Div. of Industrial Hygiene of the Wis- 
toard of Health to test the air 


evident 


consin 
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in the vicinity of the feeder on the 
main operating floor of the plant, and 
at the charging hopper in the chemical 
storage room, before, during and after 
a filling of the hopper. 

On August 22, 1949, E. J. Otterson 
and W. H. Poppe IJr., engineers of the 
Div. of Industrial Hygiene, took air 
samples in the plant and on September 
1 submitted their report, the results 
of which are shown in Table 1. 


TABLE 1 
Hydrogen Fluoride in Plant Air Samples 


Sam 
ple Location and Time J 
No mig. 
1 | Operator's desk near feeder, 
prior to filling hopper 0.04 
2 _ Chemical storage room next to 
hopper, prior to filling hopper 0.025 
3. Chemical storage room, breath- 
ing zone of operator emptying 
barrel of sodium fluoride into 
hopper 8.89 
4 Above feeder near flexible sleeve 
in chute, immediately after fill- 
ing hopper 0.134 
5 | Operator's desk near feeder, 15 
minutes after filling hopper 0.05 
6 Chemical storage room next to 
hopper, 30 minutes after filling 
hopper 0.119 


The following note was appended to 
the test results : “The maximum allow- 
able concentration for fluoride dust in 
an eight-hour day, five days per week 
exposure is 2.5 mg. per cubic meter. 
This figure is based on hydrogen fluo- 
ride, which has a maximum allowable 
concentration of 3 ppm.” These allow- 
able limits are approw d by the U.S. 
tureau of Mines. The report con- 
cluded : 
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Fic. 2. Vacuum Dust Filter Fic. 3. Filter Interior 


Fic. 4. Emptying Sodium Fluoride Bag Into Hopper 
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The only condition found in which the 
maximum allowable concentration was 
exceeded was in the actual filling of the 
hopper. It should, however, be borne 
in mind that maximum allowable concen- 
trations are based on continuous ecight- 
hour day exposures, whereas the opera- 
tion tested is one that is completed in five 
minutes and never more than once a day. 

It is recommended that the practice of 
wearing a respirator be continued during 
the time of hopper filling, even though 
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the plant. The fluoride concentration 
in urine is closely related to fluoride 
intake into the body, as described in 
a paper by McClure and Kinser (3). 

Six samples were obtained from wa- 
ter plant employees, and three others 
were collected from water department 
employees working in the downtown 
office. The latter samples were used 
to determine a control level for people 
who drank Sheboygan water but were 


Fic. 5. Safe Handling of Barrels 


the buildup and presence of fluorides in 
the air is only of a transient nature. 


Urinalysis Results 


It was suggested by the Div. of In- 
dustrial Hygiene engineers that, as a 
further check, urine samples of the 
operators should be submitted to com- 
pare the fluoride content with that of 
individuals using fluoride-treated water 
but not working in the atmosphere of 


not exposed to atmospheric fluorides. 
The urinalysis of the office employees 
varied from 0.10 to 0.44 ppm. of hy- 
drogen fluoride, averaging 0.31 ppm., 
while that of the plant employees varied 
frm 0.10 to 1.58 ppm., averaging 0.72. 
Fluoride concentrations above 2.0 ppm. 
in urine indicate that excessive 
amounts of this element are being ac- 
cumulated in the body. The report on 
this phase of the study concluded : 
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1. All urine samples from employees of 
the water plant were below the safe level. 

2. The average concentration of the 
plant employees was 0.41 ppm. higher 
than the office employees. In view of the 
findings of the atmospheric tests and with 
the limited number of samples taken for 
this study, it is not believed that any 
significance should be attached to this 
difference in concentration. 
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Fic. 6. Safe Handling of Bags 


3. It is recommended that similar sets 
of urine samples be collected approxi- 
mately every six months. 


It appears that the precautions taken 
have been adequate and that no fear of 
fluoride poisoning of persons handling 
the material is justified if protective 
measures such as those used in the 
Sheboygan plant are carefully fol- 
lowed out. 
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Dental Surveys 


Beginning in the fall of 1946 annual 
surveys of all the school children in 
the kindergartens and in the seventh, 
eighth and ninth grades in Sheboygan 
have been made by Francis Bull, Su- 
pervisor of Dental Education, Wiscon- 
sin Board of Health, assisted by A. H. 
Finke, dentist of the city board of 
health. The bases for comparison are 
surveys made of the kindergarten group 
in 1945, before fluoridation, and of the 
older group in 1942. The 1949 survey 
shows a reduction from 4.80 DEF. 
(decayed, extracted and filled) teeth 
per kindergarten child in 1945 to 2.90 
in 1949, a reduction of 39.6 per cent 
in the DEF. rate of deciduous teeth. 
The percentage of children in this age 
group having no DEF. teeth increased 
from 20.4 in 1945 to 37.3 in 1949. In 
the group of seventh, eighth and ninth 
graders, the 1949 survey shows a re- 
duction from 8.54 DEF. in 1942 to 
7.00 in 1949, or a DEF. reduction of 
18 per cent in permanent teeth. 

The fluoridation program in Sheboy- 
gan is looked upon with favor by the 


public, offers no serious operating 
problems in the plant and appears to 
be no more hazardous to the operating 
personnel, under proper precaations, 
than chlorination. 
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The problem of treating the public 
water supply of Madison, Wis., with 
fluorine is not as simple as in the aver- 
age city of its size where all of the 
water emanates from a single source. 
In Madison, there are nine pumping 
stations, eight of which are completely 
electrically operated unit wells, pump- 
ing directly ito the distribution sys- 
tem. They are automatic in operation 
except for an inspection on each shift. 
Under these circumstances, the method 
of applying fluorine must also be auto- 
matic. Where no attendance is avail- 
able, fluorine in liquid form is ob- 
viously desirable, because its applica- 
tion can be more accurately controlled. 
The liquid can be a solution of sodium 
fluoride or of some other fluorine salt, 
or hydrofluoric or some other fluorine 
acid, In the great majority of plants, 
sodium fluoride is used, but its solu- 
bility in water is only about 4 per cent. 
The most concentrated form of fluorine 
in solution which is commercially avail- 
able and practical to use is 70 per cent 
hydrofluoric acid, This 
heing employed in Madison. 

In June 1948 an experimental plant 


substance is 


was designed and put into operation 
at one of the unit wells. This typical 
well, with a capacity of 3 mgd., is 
equipped with a motor-driven deep 
well pump which ratses the water from 
the well to a covered surface reservoir 
of 100,000-gal. capacity 
delivered from the reservoir 
horizontal 
In order to provide 


The water is 
into the 
distribution 
centrifugal pump 
an ample supply during peak periods, 
the deep well pump has a greater ca- 
pacity than the booster pump. After 
the deep well pump has been started, 


system by a 


it continues in operation until the sur- 
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face reservoir is filled, when it is shut 
down automatically by a float switch 
until the water level has dropped to a 
predetermined point. 

An ordinance adopted in Madison 
specifies that the water be treated with 
fluorine at the rate of 1 ppm. At this 
unit well, 5 gpd. of hydrofluoric acid 
is required. If a solution of sodium 
fluoride were used, about 75 times this 
amount would have to be handled. In 
view of the fact that the solution would 
have to be made under technical super- 
vision, it probably would be necessary 
to do so at some central point and haul 
it to the unit wells as required. 


Displacement Method 


In Madison, 70 per cent hydrofluoric 
acid is purchased in 20-gal. steel 
drums. As no pump is commercially 
available for an acid of this type, the 
displacement method was adopted. 
This consists of pumping a liquid from 
one closed tank into another containing 
a second liquid, thus displacing the 
second liquid at the rate the first one 
is being pumped. The displacement 
liquid must be of a density different 
from that of hydrofluoric acid (sp.gr. 
1.2) and must not react with it. Rus- 
sian mineral oil (sp.gr. 0.9) was se- 
lected because it meets these qualifi- 
A general layout of the fluori- 
dation equipment is shown in Fig. 7. 


cations. 


In essence, the system is as follows: 
A 30-gal. tank is used for the mineral 
oil and a 40-gal. tank for the hydro- 
fluoric acid. Between these tanks is 
located a motor-driven micropump 
(Fig. 8). The mineral oil is pumped 
from the 30-gal. into the 40-gal. tank 
through an inlet atthe top. The 40-gal. 
acid tank discharges through a pipeline 
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which extends down to the tank bot- 
tom. When the oil is pumped into this 
tank, it floats on top of the acid and 
forces it through a pipe directly into 
the discharge line, which conveys the 
acid to a point above the water in the 
surface reservoir. Discharging at this 
point has two advantages: dilute hy- 
drofluoric acid, which is extremely cor- 
rosive, does not come in contact with 
any metal and the amount of fluorine 
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In order to replenish the acid in the 
40-gal. tank, a filler line is provided, 
extending through the wall of the build- 
ing and ending in a half-union which is 
capped. At the rate of 5 gpd., the 40- 
gal. tank, when filled, furnishes suffi- 
cient acid for fluoridation for slightly 
over a week. Consequently, once a 
week it must be replenished by the 
addition of two 20-gal. drums of acid. 
To enable the drums to be easily han- 


Fic. 7. Fluoridation Equipment Layout 


in the water can be checked before it 
is pumped into the distribution system. 
It is necessary to have the oil tank 
smaller than the acid tank to make cer- 
tain that no mineral oil will be dis- 
charged into the public water supply. 
The controls on the motor-driven mi- 
cropump are interlocked with those on 
the deep well pump in such a way that 
both pumps start and stop at the same 
time. 


dled, a cradle type of stand (Fig. 9), 
with rollers, is provided. The acid 
drum is placed on this stand, with the 
bung up. The bung is removed and 
a fitting—consisting of a nipple in a 


tapped plug, a valve and a half-union 


—is screwed into the drum. The drum 
is then rotated 180 deg. around a hori- 
zontal axis and the half-union on the 
drum fitting is joined to the half-union 
on the filler pipe. When the valve is 


Pee 


opened, the acid flows by gravity into 
the acid tank because of the difference 
in head. The system is valved in such 
a manner that the mineral oil is forced 
back from the 40-gal. into the 30-gal. 
tank, so that normal operation can 
be resumed. After the supply of acid 
in the 40-gal. tank has been exhausted, 
it is replaced during the period in which 
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Fic, 8. Motor-driven Micropump 
the micropump is shut down, and, thus, 
fluoridation is continuous. This unit 
has been operating in a very satisfac- 
tory manner for a period of nearly two 
years 

To treat the water at the main sta- 
tion requires a specially designed con- 
trol system. Water is pumped from 
a suction well into the distribution sys- 
tem by steam engines equipped with 
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pressure governors. Under these con- 
ditions, the rate of pumping varies 
considerably. A venturi meter is used 
to measure the water leaving the pump- 
ing station, and automatic equipment 
has been installed to take advantage of 
the differential pressure of the water 
between the discharge line and the 
throat of the venturi tube. The con- 


9 


Cradle and Drum 


trol mechanism has a 60-second cycle 
during which contact is made for nearly 
a full minute, if the main line flow is at 
its maximum. Lower flow rates result 
in a proportionately shorter contact 
time, so that the feeding of hydro- 
fluoric acid is in proportion to the 
flow, as this mechanism controls the 
starting and stopping of the mircro- 
pump. 
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Need for Precautions 


Hydrofluoric acid is extremely dan- 
gerous to handle, causing severe burns 
if it comes in contact with the human 
skin. It is hazardous even to breathe 
the acid fumes. Those handling the 
chemical have been given a complete 
course of safety training. The men 
are equipped with masks and rubber 
coats, gloves and boots (Fig. 10) to 
prevent the acid from touching the 
skin. Large exhaust fans have been 


Fic. 10. Use of Protective Clothing 


provided so that the fumes can be ex- 
hausted into the atmosphere if a leak 
occurs inside of the building contain- 
ing the fluoridation equipment. The 
precautions necessary are continually 
stressed because of the hazards in- 
volved, 

Figure 11 shows a small sight gage, 
which indicates whether any hydrogen 
has evolved and, hence, whether any 
corrosion has occurred. A few bub- 
bles of hydrogen were observed in the 
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gage only once—when the acid was 
first put into the tank. Since that time 
there has been no evidence of corro- 
sion. The tanks and piping are paci- 
fied by adding approximately 5 per 
cent of sulfuric acid to the initial charge 
of hydrofluoric acid. After this treat- 
ment nothing but 70 per cent hydro- 
fluoric acid is used. 


Public Attitude 


A very active dental society com- 
mittee in the Madison area has con- 
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Sight Gage 


vinced the people that fluoridation of 
the public water supply is desirable for 
preventing dental caries in the teeth 
of their children. There was consid- 
erable apprehension when the fluorida- 
tion of the entire supply was first or- 
dered. In fact, even before the initial 
plant was put into operation, there 
were several complaints—obviously un- 
justified—that the taste of the water 
was being adversely affected by the 
fluoridation. No complaints have been 
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received since these early fears were 
chispelled. 

There is substantial industrial use 
of water in Madison, primarily in food 
industries, such as packing plants, bak- 
eries, dairies, and soft-drink bottling 
plants. No evidence has been found 
to indicate that the use of fluoridated 
water has any effect upon the products 
of these industries. The fears of some 
of the consumers that fluoridated wa- 
ter might kill goldfish or harm lawns, 
flowers or household plants have 
proved groundless. No taste or odor 
can be detected in water treated with 
fluorine at the rate of approximately 
1 ppm. Consumers now call up to 
make sure that the water in their area 
is being treated with fluorine; or, if 
they are moving, to ascertain that the 
water will be fluoridated in the area in 
which they expect to live. The entire 
public supply of Madison is being 
treated with fluorine at the present 
time. 

The author believes that the wa- 
ter works superintendent or engineer 
should not pass judgment on the mer- 
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its of fluoridation, leaving this function 
to the health authorities. If fluorida- 
tion is ordered, however, it is the duty 
of the water works superintendent or 
engineer to install and operate the 
equipment in such a manner as to pro- 
vide the dosage specified in the most 
economical, accurate and efficient way. 
Allocation of Expense 

By action of the Wisconsin legisla- 
ture, the cost of treating water with 
fluorine has been made a utility ex- 
pense, and the Wisconsin Public Serv- 
ice Commission, which fixes water 
rates, has been directed to take this 
cost into consideration in formulating 
rate schedules. Until January 1, 1950, 
the cost of fluoridation was borne by 
the general taxpayer, through the 
health department budget. The cost 
of fluoridation in Madison is approxi- 
mately 20¢ per person per year, which 
is considerably higher than in cities 
with the normal type of installation 
hecause of the fact that equipment must 
be provided at several locations rather 
than at one central point. 
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Control of Growths in California 
Distribution Systems 


Panel Discussion 


A revision of a panei discussion presented on Oct. 27, 1949, at the Cali- 
fornia Section Meeting, Sacramento, Calif., by Carl Wilson, Con- 
sultant, Los Angeles; Kenneth W. Brown, Brown & Caldwell, San 
Francisco; Richard Pomeroy, Partner, Pomeroy & Westcott, Pasa- 
dena, Calif.; and James M. Montgomery, Cons. Engr., Pasadena, Calif. 


Introduction—Carl Wilson 


ANY California waters, particu- 

larly those of the coastal plains 
and valleys, differ in character from 
most waters used for domestic supply 
in other parts of the country. Conse- 
quently, they present unusual treat- 
ment problems, especially in the pre- 
vention and removal of tastes and 
odors, and also in the control of trou- 
blesome growths. Because of deficient 
rainfall, there are no perennial streams 
and, hence, no waterborne sewage. 
Since such surface waters as are used 
have to be impounded in reservoirs for 
long periods, there is little fine silt to 
be removed, and coagulation and fil- 
tration offer only minor difficulties. 
California sunshine, however, stimu- 
lates heavy growths of algae through- 
out the year, and their economic con- 
trol to prevent odors and tastes and 
to facilitate filtration with the mini- 
mum use of backwash water is one of 
the region’s major problems. 

Generally speaking, ground waters 
are more troublesome than surface 
waters. Obviously, the chemical char- 
acter of the dissolved (and sometimes 
suspended) load is determined by the 
environment through which the ground 
water has traveled to reach the well, 


and the nature of that environment is 
a function of the geologic history of 
the region. 


Geologic Factors 


The California coastal area has been 
repeatedly elevated and depressed. 
sometimes submerged beneath the 
ocean and sometimes high and dry. 
For long periodsewhile a tropical cli- 
mate existed, brackish lagoons and 
swamps bordered the ocean and were 
filled with luxuriant growths of tules 
and other aquatic plants. As the coast 
slowly sank, these plants died and were 
buried under silt, but new growth con- 
tinued upon the remains, only to be 
buried in turn. The whole later be- 
came subterranean peat beds, 1,000 ft. 
or more in depth, upon which an over- 
load of alluvium, as much as 350 ft. 
deep, has since been deposited from 
meandering streams. The detritus car- 
ried by these streams has come from 
different ranges of hills and has varied 
accordingly in its character, consisting 
of pure silica sand at times, while, at 
others, calcareous material was domi- 
nant. There are also deposits of clay, 
as well as of decomposed granite, some- 
times containing much organic matter 
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in the form of fragments of higher 
plants. On the author's desk lie a 
dozen or more pieces of redwood bark 
recently taken from a new well 10 
miles away. They came from a depth 
of 535 ft., and their edges and faces 
are smoothed and rounded from rolling 
along a prehistoric stream bed, Debris 
from the Verdugo Mountains is high 
in iron and manganese. None of these 
deposits is extensive in area, or of 
great thickness, but all are found in 
lenticular masses which are interleaved 
with each other. In many places, 
fresh-water ponds have contributed 
local, shallow deposits of peat. 

Water percolating through these de- 
posits is profoundly affected by them, 
and wells located only a short distance 
apart often yield waters of greatly dif- 
ferent character because of the differ- 
ent beds which they drain. Beverly 
Hills, Calif., for example, has 22 wells 
on the Los Angeles coastal plain, all 
located within a radius of 3 miles, and 
no two of them yield identical waters. 
Some are high in sulfur, others in tron 
or manganese ; some are relatively soft, 
but stained vellow through contact 
with the peats, while others are white 
and sparkling, but excessively hard. 
Treatment has to be modified con- 
stantly, depending on the wells in use, 
and it presents unending difficulty. 


Bacterial Action 


Water from the peats, as it reaches 
the surface, is laden with bacteria, evi- 
dently descendants of those submerged 
with the plants at the time these de- 
posits were formed. These bacteria 
are still actively at work on the cellu- 
lose, as witness the presence of suffi- 
cient methane in the water to maintain 
a flame continuously at the top of the 
well casing, as well as the presence ot 
hydrogen sulfide, a by-product of the 


Jour. AWWA 


splitting of sulfate by bacteria for the 
release of needed oxygen. The high 
content of organic matter in these 
waters fosters such excessive bacterial 
growths after reaching the surface that 
spoilage (dark coloration and vile 
odor) develops within the treatment 
plant, unless heavy chlorination is ap- 
plied at the mouth of the well. Beg- 
giatoa is a constant source of trouble, 
because of the hydrogen sulfide which 
these waters contain. 

On the other side of the ledger, the 
peats do pay a dividend, for the humic 
material they contain has base-exchange 
properties, and hard water from the 
underflow of the Los Angeles River 
is softened, the degree depending upon 
the distance traveled through the beds. 
Often only traces of calctum and mag- 
nesium are left, as in many San Pedro 
and Long Beach wells. In the latter, 
sulfates, consumed in the release of 
oxygen, are at the vanishing point. 

Iron and manganese waters foster 
growths of Crenothrix and Gallionella, 
which are the most troublesome 
growths of all to control. They invade 
the transmission and distribution sys- 
tems, where they thrive so well that 
they materially reduce the carrying ca- 
pacity of the pipes. Three cities on the 
Los Angeles plain—Glendale, Haw- 
thorne and Manhattan Beach—have 
suffered major difficulties with Cre- 
nothrix, necessitating heroic control 
measures. San Francisco had serious 
troubles with iron bacteria in the Hetch 
Hetchy tunnels, where they reduced 
the carrying capacity of the conduit as 
much as 20 per cent, necessitating the 
continuous and heavy use of chlorine 
to remove the growth and prevent its 
return. But not all such pipeline trou- 
bles are due to Crenothrix. Shortly 
after the 96-in. conduit carrying Colo- 
rado River water to San Diego was 
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placed in service, its carrying capacity 
was reduced more than 10 per cent by 
a heavy slime growth of saprophytic 
bacteria, which found a congenial en- 
vironment in the pipe. The energetic 
use of chlorine restored the capacity 
within a week, and continuous dosage 
has since prevented a return of the 
slimes. 


High Chloride Values 


Extensive marine deposits have also 
contributed to the alluvium on the 
coastal plain, and, consequently, high 
values for sodium and chloride are 
frequently found. Throughout the 
United States, with few exceptions, so- 
dium is the least abundant base and 
chloride the least abundant acidic 
radical in fresh water, but, on Cali- 
fornia’s coastal plains and in _ its 
drowned valleys, sodium occupies sec- 
ond—if not first—place among the 
bases, and chloride ranks equally high 
among the anions. One well in the 
San Diego River Basin, miles away 
from the coast, has chlorides amount- 
ing to over 1,200 ppm., while many 
wells, ranging from Monterey to the 
Mexican border, carry from 200 to 
800 ppm., yet are not affected by sea 
water invasion. It is interesting, in 
this connection, to contrast chloride 
pickup as it is found in the Mississippi 


CONTROL OF GROWTHS 


851 


River (1) with the increase of that 
radical in ground water crossing the 
Los Angeles coastal plain. At Minne- 
apolis, near the source of the Missis- 
sippi, chloride amounts to only 0.69 
per cent of the total reacting value of 
the saline material in the river, and, 
at New Orleans, 1,500 miles distant, it 
has increased to only 5.4 per cent. 

On the Los Angeles plain, the chlo- 
ride percentage of the total saline re- 
acting value is as follows: in Burbank 
City Weil No. 4, near the mountains, 
5.78; in Inglewood City Well No. 29, 
15 miles nearer the coast, 13.08; in 
Hawthorne City Well No. 5, about 3 
miles below Inglewood, 22.08 ; at Man- 
hattan Beach, about 5 miles from the 
Hawthorne well and far removed from 
the advancing wave of ocean invasion, 
23.02. The latter value is approxi- 
mately “normal” for the lower coastal 
valleys where sea water intrusion has 
not occurred, all the way from Mon- 
terey to Tijuana Valley on the Mexi- 
can border. 

Nature has indeed blessed California 
with waters which are “different.” 


Reference 


1. Parmer, Cuase. The Geochemical In- 
terpretation of Water Analyses. Bul. 
479, U.S. Geological Survey, Washing- 
ton, D.C. (1911). 


Santa Rosa Experience—Kenneth W. Brown 


Prior to the fall of 1947 Santa Rosa, 
Calif., was served by two separate sys- 
tems, one owned and operated by the 
city and the other by a private com- 
pany, known as the Santa Rosa Water 
Works. Since that time, following 
purchase by the city of the private 
company, the two have been inter- 
connected and operated as a single, in- 
tegrated system, which at present serves 


a population of approximately 23,000. 
The principal sources of supply are 
still the same, consisting of Lake Ral- 
phine, which impounds water from 
Santa Rosa Creek, and of a group of 
wells situated on a small tract east of 
town. Lake Ralphine is the former 
company supply, while the wells pre- 
viously served the city system only. 
The latter are the cause of the trouble 
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which has necessitated free residual 
chlorination on a system-wide basis. 

Treatment facilities consist of a chlo- 
rinating machine at Lake Ralphine and 
an aerator, chlorinating and dechlori- 
nating apparatus, and two motor-op- 
erated solution feeders at the well sta- 
tion. All well water is pumped to the 
aerator and then flows to a receiving 
reservoir, from which it is delivered to 
the distribution system. 


Cause of Deficiencies 


Water conditions in the two prop- 
erties were entirely dissimilar before 
consolidation. The lake water was 
generally satisfactory, causing little 
complaint except that resulting from 
occasional periods of noticeable turbid- 
ity. Well water, on the other hand, 
was subject to extensive trouble from 
slime formation, discoloration and of- 
fensive odor. 

The results of a field and laboratory 
study revealed the cause of the well 
water difficulties and furnished, in ad- 
dition, a measure of the deterioration 
which was taking place between the 
pumping plant and the service outlets. 
Hydrant flushing showed severe dis- 
coloration and, in many areas, heavy 
accumulations of solid particles, some- 
what slimy in appearance and ranging 
in color from brown to gray and black. 
Odor conditions, particularly in dead 
ends and other sections affected by re- 
stricted circulation, varied from slightly 
musty to distinctly septic. Micre ISCOPIC 
examination of the solid material 
showed that it consisted mostly of an 
amorphous substance characteristic of 
growths of slime-forming bacteria. 
Only a few threads of Crenothrix and 
related filamentous forms were found, 
all more or less disintegrated and cer- 
tainly not sufficient in volume to ac- 
count for the quantity of material 
flushed from the hydrants. 
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Samples taken from individual wells 
also showed some sign of filamentous 
iron and manganese bacteria, but again 
not to an extent sufficient to cause sus- 
picion that they would become a trou- 
blesome factor in the distribution sys- 
tem. Similarly, no filaments of any 
consequence were found either in slime 
deposits on the aerator structure or 
in adherent, feathery-looking growths, 
perhaps an inch or two in length, which 
literally covered the walls of a concrete 
flume between the aerator and the re- 
ceiving reservoir. 

One of the most significant condi- 
tions disclosed by the initial survey was 
the almost instantaneous depletion of 
dissolved oxygen. In flowing over the 
aerator at the pumping plant, the well 
water picked up more than 6.0 ppm. of 
dissolved oxygen and still had more 
than 5.0 ppm. as it passed through the 
booster pumps for delivery to the sys- 
tem. A short time later, represented 
by a distance of less than } mile along 
a 16-in. transmission line, oxygen 
dropped to zero and a chloramine re- 
sidual, amounting to 1.0 ppm. at the 
plant, disappeared entirely. In other 
words, conditions in the line were such 
that the rate of oxygen depletion, with 
a contact period of less than fifteen 
minutes and a flow velocity of more 
than 3 fps., was approximately 150 Ib. 
per day. 

The complete loss of a substantial 
amount of dissolved oxygen in a matter 
of less than fifteen minutes can be 
explained on only one basis—an ex- 
ceptionally prolific growth of slime- 
forming, oxygen-consuming bacteria. 
These organisms, finding favorable 
conditions with respect to food, tem- 
perature and environment, evidently 
multiplied at a tremendous rate and 
produced in the process the large quan- 
tities of fluffy-looking slime found in 
most of the system. They were ob- 


4 
; 
‘ 
: 


September 1950 


viously the cause of the odor also, 
which at times was stagnant or putre- 
factive. 


Treatment Program 


Treatment of the well water, using 
a combination of chlorine and ammo- 
nia, was started several vears ago and, 
as previously indicated, was adjusted 
on the basis of maintaining a combined 
chlorine residual of close to 1.0 ppm. 
in the water entering the receiving 
reservoir. This method is said to have 
resulted in a definite improvement, 
manifested in the reservoir by greater 
water clarity, less slime formation and 
longer periods of service between each 
cleaning. Conditions in the system, 
however, as reflected by the volume 
and appearance of material flushed 
from hydrants, were not appreciably 
affected and certainly indicated an over- 
whelming need for further and more 
effective relief. 


Free Residual Chlorine 


Based on a small-scale study, which 
incidentally failed to show a definite 
breakpoint, the use of ammonia was 
discontinued and treatment was started 
with chlorine alone, employing a dose 
of 3.0 ppm. Treatment at that rate, 
coupled with thorough flushing of the 
distribution system, produced antici- 
pated results and proved conclusively 
that no mistake had been made in the 
initial diagnosis. Within a few weeks, 
slime accumulations were eliminated ; 
dissolved oxygen showed no apprecia- 
ble drop, even in remote dead ends 
several miles from the pumping plant ; 
putrefactive odors were eliminated ; and 
free residual chlorine was found in 
virtually every part of the system. 

Consumer reaction, however, was 
not so favorable as these first results 
might seem to indicate. When the free 
residual chlorination program was rec- 
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ommended, attention was directed to 
two possible complications, one involv- 
ing iron and manganese precipitation 
and the second, the possibility of com- 
plaints about a chlorinous taste and 
odor. Both of them, unfortunately, 
became an unpleasant reality and neces- 
sitated certain changes in the treatment 
process. 

Precipitation in the system took place 
exactly as predicted and was mani- 
fested by a complete change in the 
amount and appearance of the material 
flushed from hydrants. Rust-colored 
sediment, all finely divided, showed up 
under the new program, and the larger, 
slimy-looking particles disappeared en- 
tirely. Chemical and microscopic ex- 
amination of this new material revealed 
that it consisted mostly of the oxides 
of iron and manganese and that it was 
the product of a chemical rather than 
a biological action. 

As to the second complication, com- 
plaints about chlorine were embarrass- 
ingly numerous and emphatic. News- 
paper articles began to appear, most of 
them in a humorous and decidedly 
caustic vein, and a drink of water was 
popularly referred to as a Clorox cock- 
tail. During this period the resid- 
ual in the business area went as high 
as 1.5 ppm. and, according to arsenite 
and amperometric determinations, was 
definitely in the form of free chlorine. 
The odor, however, was distinct and 
somewhat pungent, typical of that as- 
sociated with the formation of nitrogen 
trichloride. 


Sodium Hexametaphosphate 


Treatment with sodium hexameta- 
phosphate, using a dose of 3.0 ppm., 
resulted in a further and definitely en- 
couraging improvement. Although a 
somewhat expensive form of relief, it 
nevertheless effected an early and al- 
most complete elimination of the pre- 
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vious trouble with precipitated iron 
and manganese. Hydrants which for- 
merly discharged rust-colored water 
for ten or fifteen minutes cleared up in 
a few seconds, and, more important, 
consumer complaints about staining 
and discoloration ceased to be a prob- 
lem. In fact, some observers even 


went so far as to report a perceptible 
improvement in odor. 


Sulfur Dioxide 


After trying the chlorine and meta- 
phosphate combination for nine or ten 
months, it became evident that condi- 
tions were satisfactory on every count 
except that of chlorinous odor. It was 
decided, therefore, to find out what 
could be accomplished by providing for 
either partial or complete dechlorina- 
tion of the well water as it left the 
pumping plant. 

Dechlorination was arranged for by 
converting the former ammoniator to 
a sulfur dioxide feeder. As a precau- 
tionary measure, free chlorine was re- 
duced gradually, starting with 1.0 ppm. 
and dropping in small increments over 
a period of two or three months to a 
final residual of zero. In that way, it 
was possible to keep a close watch on 
conditions in the system and to deter- 
mine whether a lower residual had any 
tendency to permit the reappearance of 
slime-forming bacteria. Results so ob- 
tained were, for the first several 
months, even better than expected. 
Trouble with dirty water reached the 
vanishing point, complaints were a 
rarity, and the situation, on the whole, 
was altogether favorable. 

In August 1949, in line with a de- 
sire to reduce the very appreciable cost 
of chemicals, it was decided to cut 
down gradually on the use of meta- 


phosphate. The object of this change 
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was to find out whether the sulfur 
dioxide, which removed chlorine and 
therefore limited its oxidizing effect to 
the period of detention in the receiving 
reservoir, would in any way minimize 
the possibility of subsequent precipita- 
tion in the distribution system. Re- 
sults at first were satisfactory, showing 
no significant difference as compared 
with those obtained using the maxi- 
mum amount of metaphosphate. Later, 
however, the combination of little or 
no metaphosphate and no residual chlo- 
rine broke down almost completely, re- 
sulting in a sudden and temporarily 
troublesome return of all of the origi- 
nal deficiencies. At the same time, as 
was to be expected, dissolved oxygen 
decreased materially and disappeared 
entirely in the more remote sections 
of the system. 

Fortunately, normal conditions were 
soon restored by resuming metaphos- 
phate treatment and discontinuing the 
use of sulfur dioxide. The dissolved- 
oxygen content rose steadily after mak- 
ing these changes, free residual chlo- 
rine appeared in all parts of the system 
and the temporary trouble with gray 
and black, fluffy-looking slime came to 
an abrupt end. That, in effect, is the 
situation as it now stands. The entire 
system is clean, growths of micro- 
organisms are being effectively con- 
trolled and the odors of putrefaction 
are no longer a problem. On the debit 
side, a slight chlorinous odor is gen- 
erally apparent, and at least occasional 
trouble can be expected from rust- 
colored accumulations of precipitated 
iron and manganese. These, however, 
are minor annoyances when compared 
with the improvements which have 
heen brought about simply by making 
further and more effective use of the 
existing water treatment facilities. 
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Glendale, Calif., has a municipally 
owned water system taking its supply 
from deep wells, the principal group of 
which is located along the channel of 
the Los Angeles River. The water is 
naturally clear and palatable, but it 
has a hardness—150-200 ppm.—which 
is characteristic of ground waters in 
this region. It also contains small 
amounts—0.1-0.2 ppm.—of iron and 
manganese and 10-20 ppm. of carbon 
dioxide. Some of the wells are in- 
fested with Crenothrix, which early 
became seeded into the distribution 
system. Ina short time it had invaded 
the entire pipe grid and it was impos- 
sible to draw a glass of water without 
red-brown fronds of Crenothrix, from 
} to 1 in. in length. 

Finally the smaller pipes began to 
plug up with the adherent growth, so 
that water could no longer be carried 
through them. At this juncture, 1923, 
it was decided to shut down the system 
for three days to make possible a heroic 
flushing of all the pipes in order to 
remove the accumulated growth. Im- 
mediately following this drastic treat- 
ment, the water was excellent, but the 
improvement was short-lived. Flush- 
ing, even at high velocity, still leaves 
a layer of slime on pipe walls, while 
the growth in gate bonnets is not at 
all disturbed, but remains to reseed the 
pipes. The present-day count shows 
over 3,300 gate valves in the system, 
and there must have been at least 3,000 
in 1923. Moreover, the conidia, or 
reproductive stages of Crenothrix, are 
microscopic in size and are produced 
by the million. They are inevitably 
held in the residual slimes following 
flushing, so that a return growth is 
not slow in making its appearance. 
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Copper Sulfate 


In the beginning copper sulfate, ap- 
plied in a concentration of 1 ppm., was 
used. In those days, water from the 
several wells was brought to either one 
of two sand traps at the pumping plant, 
from which it spilled into the sump 
over the suction lines of four booster 
pumps discharging directly into a 30- 
in. feeder line. The copper solution 
was applied in the sand traps (rectan- 
gular concrete basins), turbulence be- 
ing depended upon to secure uniform 
mixing with the incoming water. At 
normal flows, the retention period in 
the sand traps and sump was ten to 
fifteen minutes. 

Considering the limitations of the 
chemical, which was used continuously 
for several years, the results obtained 
were good and growth was definitely 
retarded, especially in the area adjacent 
to the point of application. In the 
more distant lines, growth still per- 
sisted, although it was no longer so 
abundant. 


Sodium Carbonate 


Later it was thought necessary to 
adopt more energetic measures, but 
chlorine was still regarded by a ma- 
jority of the public as undesirable in 
Glendale water. In selecting the next 
reagent to be tried, attention was given 
to the life habits of Crenothrix. This 
organism is one of the so-called “higher 
bacteria” and belongs in the group 
which is able to live in the absence of 
organic matter. Such organisms take 
their required carbon from carbon di- 
oxide or carbonates and their nitrogen 
from inorganic nitrates, the latter be- 
ing present in all natural waters in 
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minute (but still sufficient) quantity to 
foster luxuriant growths of bacteria. 
Moreover, for a flourishing growth, 
Crenothrix must have salts of either 
iron or manganese, which are used as 
a source of energy in the assimilation 
of carbon. 

In view of these facts, it was argued 
that, if the iron and manganese could 
be removed and the carbon dioxide con- 
tent of the water reduced to the vanish- 
ing point, Crenothrix would be elimi- 
nated from the system by starvation. 
For this end, sodium carbonate seemed 
the ideal reagent, as it would absorb 
carbon dioxide in converting to the 
bicarbonate. It would remove 
both iron and manganese by convert- 
ing them from the soluble bicarbonates 
to the insoluble basic carbonates and 
then to oxides, which could be removed 
by sedimentation. The dosage used 


also 


was calculated to remove most of the 


carbon dioxide, leaving a residual of 
3 or 4 ppm. in the plant effluent. The 
reaction of the water was raised from 
a pH of 7.5 to 8.0, at which level it 
was hoped there would be no precipi- 
tation of calcium carbonate in the 
mains. 

Improved conditions were soon ob- 
served in the distribution system, and 
complaints of “dirty water’ and “al- 
gae” (a term which was applied to 
stringy particles of Crenothrix) were 
materially reduced. But, when work- 
ing with bacteria, it 1s necessary to 
consider both a macro-environment and 
a micro-environment; conditions in 
foci a few millimeters apart can be, 
and continue to be, very different in 
chemical characteristics. It was rela- 
tively easy to control the macro-envi- 
ronment (the flowing stream of water ) 
with chemical treatment, but Creno- 
thrix, and its many hacterial associates, 
still held sway in the micro-environ- 
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ment. The inner depths of the slimes 
clinging to the pipe wall, which are, 
perhaps, 1 or 2 mm. in thickness, con- 
stitute the micro-environment, whose 
hydrogen ion concentration and chemi- 
cal content often vary widely from 
those of the flowing water constantly 
bathing the slimes on one side. On 
the opposite side, the pipe wall pre- 
vents the removal of such physiological 
by-products as carbon dioxide, thus 
forcing their accumulation in the slime 
solution (this term, believed to be used 
for the first time, is employed analo- 
gously to the phrase “soil solution,” so 
familiar in the literature of soil tech- 
nology ). 

Since carbon dioxide is one of the 
most important materials of metabo- 
lism, serving as a source of carbon and 
being a chief elimination product, it 
deserves special consideration. When 
this gas is dissolved in water, it be- 
haves as though it had taken up the 
elements of water to form carbonic 
acid, according to the formula CO, + 
H,O = H,CO,. Carbonic acid is cor- 
rosive im action, and, when it is con- 
fined in contact with an iron or steel 
pipe in the presence of moisture, as 
occurs in the micro-environment, it 
attacks the metal, taking it into solu- 
tion as ferrous bicarbonate. This proc- 
ess thus undoes the previous removal 
of iron from the water. 

The macro-environment of the flow- 
ing water, itself inimical to the devel- 
opment of Crenothrix, could not alter 
the chemical characteristics of the 
micro-environment, which was favor- 
able to the organism. Water cannot 
pass into and through the slimes fast 
enough to remove the carbon dioxide 
(and the iron and manganese it dis- 
solves from the pipe) as rapidly as it 
is produced by the slime bacteria. 

Although conditions were much im- 
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proved by the sodium carbonate treat- 
ment, the result was still short of the 
goal which had been set. Complaints 
of “algae’’ were reduced in number but 
were not completely eliminated. 

During this period carbon dioxide 
in the macro-environment of the dis- 
tribution system, as titrated on tap 
samples, was held at 4—5 ppm., a point 
below which it could not be reduced 
without causing the precipitation of 
calcium carbonate. 


Chlorination 


Finally, in July 1946, the use of 
chlorine was begun, and it was decided 
to employ it to remove all growths 
from the entire distribution system, 
embracing a total of 263 miles of pipe 
of all sizes. A chlorine residual was 
to be maintained throughout the sys- 
tem to prevent the return of bacterial 
slimes. 

The criteria which were to serve as 
a guide in this adventure into the un- 
known were residual chlorine readings, 
microscopic examinations of distribu- 
tion system samples, bacterial counts 
after 72-hour incubation at 20°C. and 
consumers’ complaints. The initial 
chlorine dosage was 1 ppm. in water 
entering the distribution system. The 
first effect of this change in procedure 
was a flood of taste and odor com- 
plaints. This situation had been an- 
ticipated, for it was known that, when 
organic compounds are only partially 
saturated with chlorine, they give rise 
to a definite “chlorinous” odor and 
taste. After complete saturation, how- 
ever, the taste and odor are not notice- 
able. 

Guided by conditions in the mains 
revealed by samples taken during 
flushing, and by the belief that more 
chlorine was required, the dosage was 
gradually increased until it reached 2 
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ppm. as water entered the distribution 
system. During this period frequent 
systematic flushings were depended 
upon to remove detached growths and 
accumulated detritus from the invert 
of the pipes, and this work showed 
that a slow improvement was taking 
place. “Dirty water” complaints and 
reports of “algae” in the pipes dimin- 
ished progressively as the treatment 
continued, but complaints of chlorine 
taste persisted and even increased in 
number. 

In the summer of 1949, believing 
that the pipe system had been thor- 
oughly cleared of growths, it was de- 
cided to reduce the chlorine to 1 ppm. 
in the plant effluent. Following that 
change, complaints dropped to the van- 
ishing point. Bacterial counts on 


standard agar, after incubation for 72 
hours at 18°-20°C., are now, with al- 
most no exceptions, below 25 per ml., 
and no samples have been positive for 


coliform organisms in 50 ml. for 
months. Chlorine residuals through- 
out the distribution system at present 
vary from 0.5 to 0.8 ppm. 

It is planned to reduce the chlorine 
dosage to 0.5 ppm. before the end of 
1950 and to depend upon total counts 
and microscopic examinations of tap 
samples throughout the system to re- 
veal any recurrence of growths with 
the reduced dosage. 

Three years seems a long time to 
spend in “housecleaning,” but it ap- 
pears to have been justified at Glen- 


dale, because the disturbance to con- 


sumers was held to a minimum. To 
have shortened the cleaning period (re- 
ferring only to the time during which 
chlorine was used) would have re- 
quired heroic measures and resulted in 
greater inconvenience to consumers. 
Besides, in the absence of precedents, 
it was preferred to work empirically. 
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The experience of Torrance, Calif., 
in 1940 and 1941 provides a striking 
example of a change of water quality 
in the distribution system. The well 
water supply of this city is devoid of 
oxygen, contains dissolved methane and 
a few hundredths of a part per million 
of sulfide, and shows a five-day B.O.D. 
(seeded, enriched diluting water) of 
12 ppm. In spite of the rather high 
load of organic matter indicated by the 
latter figure, the water is clear and 
exhibits only a very slight color, and, 
if the sulfide is removed by aeration, 
the taste is excellent. Chlorination 
characteristics are shown by typical 
curves presented in Fig. 1. 

Prior to the investigation which was 
begun in 1940, the water was treated 
with ammonia and chlorine. Swampy 
tastes and odors, and occasional traces 
of hydrogen sulfide, were frequent 
causes of complaint throughout the 
city, and the water often contained 
suspended matter which was clearly 
due to growths in the mains. Oxygen, 
which was present to the extent of 
about 3 ppm. as a result of aeration 
in the storage tank, disappeared in the 
distribution system within 700 ft. Am- 
moniation produced an ammonia resid- 
ual of 1.5 ppm., but this also com- 
pletely disappeared in the distribution 
system. 

In an attempt to improve the quality 
of delivered water, ammoniation was 
stopped and enough chlorine was 
added to approximate the low point on 
the breakpoint curve. An intensifica- 
tion of the swampy or musty odors 
produced a storm of complaints. Pre- 


sumably, alteration of the environment 

particularly elimination of ammonia 
and at least a part of the organic mat- 
ter on which the slime-forming mi- 
led to the death 


crobes had depended 
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Torrance Experience—Richard Pomeroy and James M. Montgomery 


and decomposition of these organisms. 
Over a period of several months many 
treatments were tried, including heavy 
chlorination accompanied by flushing, 
various dosages of chlorine with and 
without aeration, use of Metropolitan 
Water Dist. water (substantially free 
of organic matter) and a return to 
chloramine treatment. Gradual elimi- 
nation of the putrefactive condition 
evidently was attained, for, although 
no improvement in taste was notice- 
able during these various treatments, 
when free residual chlorination was 
again tried after nearly a year of ex- 
perimentation, the taste and odor con- 
dition rapidly cleared up. William 
Stanger, superintendent of the system, 
is to be highly commended for his per- 
severance during this trying period. 
In the eight years since that time, 
free residual chlorination has _pro- 
duced a water which has consistently 
been of excellent quality. The chlo- 
rine dosage is about 5 ppm., and the 
water leaves the plant with a residual 
of about 0.3 ppm., which disappears 
within } mile. Oxygen in the storage 
tank near the wells rose from 3 to ap- 
proximately 7 ppm. as a result of the 
suppression of slime growths in the 
tank. This condition extended into the 
distribution system considerably far- 
ther than before. By June 1942 it had 
spread to the farthest parts of the sys- 
tem, although substantial consumption 
of oxygen in the mains continued to be 
noted. Tests in 1949 showed an oxy- 
gen utilization of about 4 ppm. Part 
of this might be due to old deposits 
and to a slight amount of corrosion, 
but most of it must be attributed to 
the oxidation of organic matter carried 
by the water. Mains recently opened 
show a little tubercular corrosion, 
which has occurred since oxygen 
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spread through the system, but this 
condition is not serious enough to be 
of any concern. The surface of the 
metal, in general, appears to be clean, 
in comparison with the heavy slime 
which formerly existed. 

Chlorination evidently destroys or 
reduces the availability of organic mat- 
ter in the water as a source of mi- 
crobial food, probably by attacking 
aminoid nitrogen. As previously men- 
tioned, the well water shows a B.O.D. 


GROWTHS 859 


Torrance experience are that chlorine 
can greatly reduce the B.O.D. of a 
water of this type, and that the main- 
tenance of aerobic conditions in the 
mains may serve to prevent the de- 
velopment of offensive tastes in a wa- 
ter laden with organic matter. In con- 
trast to Glendale, no attempt has been 
made to keep the mains sterile. Bio- 
logical activity continues, but, as long 
as oxygen is present, it serves only to 
purify the water. 


4 


5 
Cl Dosage — ppm. 


Fic. 1. Chlorination Characteristics 


of 12 ppm. when tested with enriched 
diluting water. But when diluting wa- 
ter devoid of sources of nitrogen is 
used, the oxygen consumption is only 
about one fourth as great. The chlori- 
nated water (dechlorinated and seeded ) 
consumed only 0.25 ppm. of oxygen. 
Slimes now present in the mains, al- 
though in scarcely visible amounts, are 
evidently far more efficient than the 
microbes which develop in B.O.D. bot- 
tles, as shown by the consumption of 
4 ppm. of oxygen in the mains. 

The lessons to be learned from the 


This statement is not to be under- 
stood as a general endorsement of the 
presence of oxygen in a distribution 
system, for considerations of corrosion 
and difficulties with iron and man- 
ganese may be important elements. 
Certainly, in waters with a low organic 
content, there is no value in having 
oxygen in the water. At Torrance, 
however, the chief benefit of chlorina- 
tion results not from its bactericidal 
action, but from its reduction of the 
B.O.D. of the water, thereby permit- 
ting aerobic conditions to prevail. 
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Design Standards for Large-Diameter 
Steel Water Pipe 


By Walter H. Cates 


A paper presented on May 24, 1950, at the Annual Conference, Phila- 


delphia, by Walter H. Cates, Secy., Steel Water Pipe Manufacturers, 
Technical Advisory Commitiee, and Mgr., Hydraulics Div., Consoli- 


URING the past 25 years many 
millions of feet of large-diameter 
welded steel pipe have been manufac- 
tured and installed throughout the 
country for use in the water works in- 
dustry. The accompanying  photo- 


graphs illustrate two such major in- 
stallations designed for service in the 


Fic. 1, 


West. Figure | is a section of the 


170,000-ft. welded steel pipeline (68 
and 69 in. in diameter, ? to } in. thick) 
of the Second Mokelumne Aqueduct, 
and Fig. 2 shows a portion of Los An- 
geles’ 18,000-ft. Bouquet Canyon Inlet- 
Outlet Pipeline (80 to 94 in. in diam- 
eter, 2 to 1 yy in. thick). 


For several 


dated Western Steel Corp., Los Angeles. 


decades prior to 1925 large-diameter 
steel pipe of riveted, or lock-bar, con- 
struction also was used successfully for 
water transmission lines. 

Steel pipe possesses many advan- 
tages, including the five chief requi- 
sites of any good water conduit—re- 
liability, strength, high carrying capac- 


Second Mokelumne Aqueduct Pipeline (California) 


ity, economy and durability. Com- 
bined with its high tensile strength, 
steel pipe has elasticity, ductility and 
toughness. Because of these primary 
qualities, modern large-diameter welded 
steel pipe is the most reliable type 
available for water service. It is proof 
against physical abuses and shocks, 
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such as water hammer, earthquakes, 
traffic vibrations, settlement, washouts 
or temperature changes. 

This kind of pipe has a wide range 
of application, including transmission or 
supply lines, reinforcing mains, bridge 
and river crossings, intakes, pumping 
station and water treatment plant pip- 
ing, siphons, distribution systems, pen- 
stocks, flumes and swamp or marsh 
crossings. 

Barnard (1) has published a paper 
offering useful information on the de- 
sign of steel water pipe of sizes 6 to 
36 in. in diameter. The present paper 
includes general information, design 
standards and technical data on the 
manufacture and construction of large- 
size welded steel pipe (30-in. diameter 
and larger; Table | lists properties of 
pipe with inside diameter of 24-72 in.). 
The author has endeavored to set forth 
in practical form the current recom- 
mended standards of conservative de- 
sign, based on the experience of water 
works engineers in this country during 
the past quarter of a century. It is 
helieved that the data contained herein 
represent good average practice for 
current design purposes. Those who 
desire to pursue this important subject 
more thoroughly, should consult the 
references mentioned herein. 


Hydraulics 


Four of the most commonly used 
formulas for computing the flow of 
water in a pipeline are the following: 

Manning: 


Hazen-Williams: 

V = 1.318C,9r° 
Scobey : 
HD" 


V K, 


Mills: 
V 


in which V is velocity in feet per 
second; m (Kutter coefficient) equals 
0.010 to 0.012; r is the hydraulic 
D h 
); 1s the 
hydraulic gradient, in feet per fodt; 
C, (Hazen-Williams coefficient) equals 
150 to 120; #7 is the head loss, in feet 
per 1,000 ft.; D is the diameter, in 


radius, in feet ( equal to 


Fic. 2. Beuquet Canyon Inlet-Outlet 
Pipeline 


feet; K, (Scobey coefficient) equals 
0.32 to 0.40; and F,, (Mills coefficient) 
equals 1.5 to 2. 

Modern welded steel pipe is lined 
with a permanent coating, such as 
spun coal-tar enamel, which not only 
protects the pipe but provides a 
smooth interior surface with low fric- 
tional characteristics, as indicated by 
flow tests mentioned in published 
references (1-8). These tests show 
that, for a straight run of new, smooth- 
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TABLE 1 
of Welded Steel Pipe 
pe if Bare) | Working ry 7s | Buckling | Pipe | Modulus | Depth of Span§ 
the Pressuret; Hea Sereagth Axia | Cover? 
Fraction | Decimal | psi. (ine | 
st | | os 1,034 6S i | 3 
i | 0.250 68 313 723 68 1382; 115 | ww | 37 
0.312 85 | 301 903 | 125 1,725; 144) 40 
ae 0.375 | 102 | 469 | 1,083 | 215 | 2,074 173 x 43 
| 0437 | 148 547 1,264 340 2416; 201 | « 46 
| 0.500 | 135 625 | 1444 S20 | 2,765) 2301 « ; 49 
| | | 
| 0.250; 75 | 665 54 1,758; | 37 
0312; 93 | 361 834 100 2,194; 169 | « 40 
i 0.375 | 412 433 1,000) 170 2,636 203 x 43 
0.437 | 131 | 505 1166 270 3,072; 236 | 46 
j 0.500 149 si7 | 1,333 | 410 | 3515! 279! « 49 
28 | 0187) | 462 18 1642; 117) | 3 
| 0.250) 80 | 268 6194 2195! 187; wo | 3 
fe | 0312 | 100 | 335 774 78 2,740} 196 o | 4 
| 0375 | 120 | 402 | 920! 435 3,293; 235) | 
| we | 0437) 140 | 469 | 1,083 | 220 5,837; 27%) «© | 47 
| # | 08001 160 | 536 | 1'238 | 330 | 4390; 313) | 
30 0187; os | 187 | 432] 14 2,020; 135 48 | 34 
0.250 87 | 250 578 | 34 | 2700! 180 38 
| 0.312 108 | 313 | 65 3370; 225; | 
| 0375 | 130 | 375 866 «110 4050; 270; « | 44 
| Ww | 0437 | 182 | 437 | 1,000! 189 | 472) 3151 @ 47 
| § | @5S00 | 170 SOO | 1,155 | 270 | 5400; 360 « 50 
32 | 0.187 69 175 404 12 2,451; 153 | 16 34 
| 0.250 92 | 234 S41 29 | 3,277] 205 | 38 
| 0312) 115 | 203 677 54 4,089 256 | 41 
i 0.375 | 138 352 813 92 4915) 307 | 44 
0.437 | 161 410 47 | 145 | 5,728) 358 | « 47 
j 0.500 184 469 1,083 220 | 6554) 410! « 50 
fe 0.487 74 165 381 | 10 | 2,940 | 173 | 13 34 
t | 0250) o8 | 24 sit} 24 | 63930] 231] « 39 
O375 148 | 334 765 | 76 | $996! 347] | 4s 
0.437 172 386 | 892 120 | 6,870! 404 | « 48 
| # | 0800} so7 | gay 1,019 | 185 | 7,861 | 462 
| 


* Including § per cent overweight. 
Based on Marston fi ormula. using saturated topsei! weighing 110 ib. per cubic foot, » vertical wall trench, 
allowing a pipe deflection of approximately 2 per cent. The « sign means unlimited co 
Unatiffened pipe. simply supported. 120 deg. 
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TABLE 1 (conid.) 


q Moment 
Safe Safe 
Internal | Internal —, of te 
Working | Working | 5 ‘ 


Pressuret} Head 


| 
Fraction i pst. ft. (in.)* 


156 J 3,490 

208 4,666 | 
261 d 5,823 
313 6,998 
364 8,155 
417 9,331 
521 11,664 


148 4,104 
197 5,487 
247 6,848 
296 s 8,231 
345 9,592 
395 10,974 | 
493 13,718 


141 
188 
234 
281 
328 
375 
469 


i 
i 
i's 
i 


134 


18,522 


nw 


126 9,112 
158 | 11,372 
189 13,668 
220 15,928 
252 18,225 
315 22,781 


8888 8 


134 11,059 
167 12,802 
201 16,589 
234 19,331 
268 22,118 
335 k 27,648 
402 33,177 


43 
46 
50 
$2 
57 
62 


8888885 


* Including 5 cent overweight. 

t S equals 15, psi. 

¢ Based on Marston formula, using saturated topsoil weighing 110 Ib. per cubic foot, in vertical-wall trench, 
allowing a pipe deflection of approximately 2 per cent. The © sign means unlimited cover. 
§ Unstiffened pipe, simply supported, 120 deg. 


Thickness A Ox. 
Bare (Gm. Covert Span§ 
ft. 
ee 36 0.187 78 194 10 34 ; 
0.250 | 104 260 | 39 
0.312 | 130 323 42 
0.375 | 156 389 45 
0.437 | 182 453 48 
0.500 | 208 518 « 51 
0.625 | 259 648 | 54 
38 0.187 | 82 216 34 
Suet 0.250 109 289 40 
| 0.312 | 137 | 360 43 
ree 0.375 | 164 433 46 
0.437 191 505 49 
| 0.500 219 578 51 
ore | 0.625 273 722 54 f 
40 | 0.187 87 326 6 4,787 | 239 34 
0.250 116 434 15 | 320 40 
| | 0.312 | 145 541 27 | 7,987 | 399 43 
0.375 | 174 649 48 9,600 | 480 46 
| 0.437 | 203 758 | 74 | 11,187) 559 49 
| | 232 866 | 112 | 12,800} 640 52 
0.625 | 290 1,083 | 230 | 16,000} 9800 55 
| 
42} | 0187; 90 | | 310] | 5,542} 266 35 
| 0.250 | 120 | 179 413 | 13 7,409 | 353 40 
if fe | 0.312 | 150 | 223 51S | 24 9,246| 440 43 
| 0.375 | 180 | 268 619 | 41 | 11,113] 529 | 46 
| ve | 0437 | 210 | 312 721 | 65 | 12,950) 617 50 “4 
0.500 | 240 357 825 97 14,817 | 706 52 
i 0.625 | 300 | 446 | 1,030) 190 | 882 55 
45 | | 0.250 405 || 40 
| we | 0.312 505 43 
| 0.375 | 607 46 
ve | 0.437 | | 708 50 
| 0.500 | 810 | $2 
i | 0.625 | 1,012 56 
48 | 0.250 461 40 
| 0.375 691 
ve | 0.437 805 
| 0.500 922 
i | 0.625 1,152 
i | 0.750 1,382 


- 


— 


> 
~ 
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Decimal 


0.250 
0.312 
0.375 
0A37 
0.500 
0.625 
0.750 


| 0.250 
0.312 
6.375 
0.437 
0.500 
0.625 


0.750 


0.250 
0.312 


0.375 | 


0.437 
0.500 
0.625 


| 0.250 | 


| 0.312 
0.375 
0.437 
0.500 
0.625 
0.750 


0.875 | 


1.000 


0.250 | 
0.312 


0.375 
0.437 


0.500 | 


0.625 
0.750 
0.875 


1.000 | 


* Including 5 per cent overweight 

+ S equals 15,000 ps 

t Based on Marston formula 
allowing a pipe deflection of approximately 2 pes cent. 
§ Unstiffened pipe. simp!y supported, 120 deg 


0.750 


safe 


Interna! | 


pss. 


147 


184 
221 
257 
294 
368 
41 


139 
174 
208 
243 
278 
347 
417 


131 
165 
197 
230 
263 
329 
395 


125 
156 
188 
219 
250 
312 
375 
438 
500 


+19 
149 
179 
208 
238 
298 
387 
417 
476 


using saturated topsoil weighi 
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TABLE 1 (contd.) 


internal | External! 
Working | Working | p 
| Pressuret Buckling 


Moment | 
of Inertia | 


_— | Modulus Depth of | Spe 


Pipe 
Axis 
(in.)* 


ion. 


13,265 | 520 
16,555 | 649 
19,898 | 780 
23,187 | 909 
26,530 | 1,040 
33,163 , 1,300 
39,795 1,561 


15,746 | 


| 583 
19,651 | 728 
23,619 | 875 
27,525 | 1,019 
31,493 1,166 


39,366 | 1,458 
47,239 | 1,750 | 


18,519 650. 


23,112) 811 
27,779 | 975 


32,372 | 1,136 | 
37,039 
46,298 | 1,624 
55,558 | 


21,600 720 | 
26,597 885 
32,400 1,080 
37,757 | 1,259 | 


$4,000 | 1,800 
64,800 | 2,160 
75,600 | 2,520 
86,400 2,880 
25,005 794 
31,206; 991 


ng 110 Ib. per cubic foot, in vertical-wall trench. 
sign means unlimited cover. 
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Theo- | 
id per Foot te 
ft. 
si | | 4s | | 339 7 | s | 4 
182 | 425 13 16 4 i 
217 | 511 23 | | 47 
254 | 504 36 | | Si 
290 679 56 “ 53 
101s o | 58 
| 435 1,019 | 190 | o | 63 
$4 | | | 321 6 | | 40 
191 | 402 | 44 
q 230 480 19 | | 47 
267 | 561 31 | Si 
306 642 46 | $3 
| | 63 
q 241 455 16 48 
282 531 26 51 
322 | 608 40 | 54 
; 402 | | 760 | 7S | 59 
482 912 | 135 | 64 
; 170 | 5 40 
212 | 360 8 10 44 
255 | 434 i4 i8 | 48 e 
297 506 22 | |. 
340 578 | 34. «43,201 1.440 | Pa | 54 
425 | | | | 
510 | 816 | 115 | 64 
| (594 1,012 | 180 
680 | 41155 | 260 | 2 | 70 
178 | asi | 40 
222 | | 44 
| | 37,807 | 1,298 | | 48 4 
312 | 480 20 | 43,708 | 1,388 | | 
356 §50 | 30 | $0,009) 1,588 | 
445 | | 688 | $9 | 62,512) 1,984 | | $9 
| 534 | | 105 | 75,014) 2,381 | | 64 
622 | 963 | 165 | 87,516) 2,778 | | 67 
712 1,099 | 250 | 100,019 | 3,175 | | % 
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TABLE 1 (conid.) 


Thickness Safe 
in. Internal 

Working 

Fraction | Decimal! gee. 


| 0.250 114 
0.312 142 
0.375 170 
0.437 199 
6.500 227 
0.625 284 
0.750 341 
0.875 398 
1.000 455 


0.250 
0.312 244 
0.375 292 
0.437 341 
0.500 390 
0.625 488 
| 0.750 585 
0.875 682 
1.000 780 


109 
136 
163 
190 
217 
272 
326 
380 
435 


0.250 
0.312 
0.375 
0.437 
0.500 
0.625 
0.750 
0.875 
1.000 


204 104 
255 130 
306 156 
357 182 
409 208 
510 260 
612 312 
715 365 
818 417 


i 
i 
i 
i 
1 


SafeW 
Internal 
Working 
Head 
ft. 


Theo- 
retical 
External 
Buckling 
Strength 

pst. 


871 
1,087 
1,307 

1,523 
1,742 | 
| 2,178 
2,614 
3,049 
3,485 


952 
1,188 
1,428 
1,664 
1,904 
2,380 
2,857 
3,333 
3,823 


1,037 
1,234 
1,555 
1,812 
2,074 
2,532 
3,110 
3,629 
4,147 


$8868 


* Including 5 per cent overweight. 
+t S equals 15,000 psi. 


t Based on Marston formula, using saturated topsoil weighing 110 Ib. per cubic foot, in vertical-wall trench, 


allowing a pipe deflection of approximately 2 per cent. 
§ Unstiffened pipe, simply supported, 120 deg. 


coated steel pipe, the coefficient of 
friction value will approach a Kutter 
n of 0.009 and a Hazen-Williams C, 
of 155. Most pipelines, however, con- 
tain a number of fittings, valves, con- 
nections and the like, which affect the 
overall values of friction coefficients. 
Furthermore, bacterial action over a 
long period may slightly reduce the 
actual flow in the line. Therefore, 
from the standpoint of conserva- 
tive design for average conditions 
over long years of service, the fol- 
lowing values for friction coefficients 


he @ sign means unlimited cover. 


are suggested for use in the design 
of large-diameter welded steel water 
pipelines having a permanent lining: 
Manning—» = 0.011, for which Q 
(the discharge in cubic feet per second ) 
equals 42.1D!s'; Hazen-Williams—C), 
= 130, for which Q = 56.19D* 
Scobey—K, = 0.36, for which Q 
= and Mills—F,, 
= 1.75, for which Q = 1.37477°*D? 
Figures 3—6 are diagrams which graph- 
ically solve these four flow formulas 
on this basis. If other coefficient 
values are desired, the multiplying 


| of Inertia | Section 
in. | Pipe of | Spent 
A | ft. f. 
8 66 263 3 | 28,750 4 40 : 
| 328 | 6 | 35,880 s | 4“ 
393 | 11 | 43,124 14 48 
460 | 17 | $0,254 22 51 
524 26 57,499 54 
656 50 | 71,874 59 
: 788 87 86,249 «“ 64 
919 | 135 | 100,624 | 6 
| 1,051 | 200 | 114,998 | 71 
69 | 282 3 | 32,851 | 41 
| ot | 314 5 | 40,998 45 i 
377 9 | 49,276 49 
439 14 57,423 52 
| 501 | 21 | 65,702 | | 55 
ee | 628 | 42 | 82,127 | | 
| 3 753 | 75 | 98,553 | | « 65 
878 | 112 | 114,978 68 
| 1 1,005 | 165 | 131,404. x 71 
| 
af 72 | | 240 2 | 37,325 | 41 % 
et | | 300 4 | 46,581 | 45 4 
360 8 | 55,987 | 49 
- | 420 12 | 65,244 | 52 
of 480 19 | 74,650 | 55 : 
| 601 | 36 | 93,312 | 60 
| 721 | 65 | 111,974 | 65 
- 843 | 100 | 130,637 | | 69 | 
Et | 963 | 150 | 149,299 | 72 | 
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factors shown in Table 2 may be used. 
Table 3 gives the relative discharge 
capacities of large-size steel pipes 
flowing full. 


Diameter Determination 


Knowing the quantity of water to 
be carried by the pipe, the length of 
the line and the available static head, 
the proper single diameter can then be 
determined from any of the flow for- 
mulas mentioned above. The reader 
is referred to previously published 
papers on the design of pipe diameters 
in a distribution system (9-11) and 
on economical transmission line de- 
sign (12-14). 


Plate Material and Design Stress 


Steel plates used for large welded 
steel pipelines generally conform to 
one of the following specifications: 


Minimum Tensile 


Yield Strength 
A.S.T.M. Point Range 
Designation psi. pst. 
A7 33,000 60,000-7 2,000 
A283B 27,000 50,000-60,000 
A283C 30,000 55,000-65,000 
A285B* 27,000 50,000-60,000 
A285C* 30,000 55,000-65,000 


* Flange or Firebox. 


When determining the thickness of 
steel plate required for pipe to with- 
stand internal pressure, it is good 
engineering practice to use a design 
stress equal to 50-60 per cent of the 
minimum yield point, and a joint 
efficiency of 100 per cent. 


Plate Thickness 


When the diameter of the pipe, the 
internal working pressure (including 
water hammer), and the external 
pressure produced from earth loads, 
impact, vacuum and live loads are 
known, the proper thickness can be 
determined from the following for- 
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mulas—for internal pressure (Barlow ): 


for internal head (Barlow): 
H, = 2.31P, 
for collapsing strength (Love): 


t J 

P,= 65,000,000 ( 5) 

for buckling from external pressure 
(Timoshenko) : 


t = 0,00517Rg! 


in which ¢ is the thickness (in.); P,, 
the internal pressure (psi.); d, the 
diameter (in.); S, the allowable unit 
stress (psi.); H;, the internal head 
(ft.); P., the external pressure (psi.); 
R, the radius (in.); and qg, the external 
load (psi.). 

Helpful articles on the subject of 
water hammer will be found in the 
literature (15-19). 

When using the Barlow formula, a 
design value of half the minimum 
yield point is recommended for allow- 
able working stress, S. In the Love 
formula, the value obtained for ex- 
ternal pressure, P,, is theoretical, and 
a minimum safety factor of 14 should 
be applied to it. 


For stiffened pipe, P, = 25P.\, 


L being the distance between stif- 
feners, in inches; and P,, the external 
pressure, in pounds per square inch. 

When using the Timoshenko for- 
mula (20), the values for external 
forces, g, should include dead loads, 
as determined from the Marston for- 
mula (21), and live loads, as deter- 
mined from the Boussinesq formula 
(22). 

The solutions of the Barlow, Love 
and Timoshenko formulas are shown 
in Fig. 7-10. (In Fig. 7 and_8 a 
unit stress, S, of 15,000 psi. and a 
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joint efficiency of 100 per cent are 
assumed.) Table 4 indicates the 
minimum thickness of steel pipe under 
various external loading conditions. 
When steel pipe is properly designed 
and protected by permanent coatings, 
no additional thickness is required for 
corrosion allowance. 

For unstiffened pipe above ground, 
the minimum practical thickness for 
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Joints 


All shop-welded longitudinal and 
girth seams should be of the butt- 
welded type with full penetration. The 
field joints may be any of the following 
types: slip bell, for lap-welding; butt- 
welded, single or double; bell and 
spigot, for calking; mechanical cou- 
plings ; flanges ; butt-strap welded ; riv- 
eted; or drive (see Fig. 11). 


TABLE 2 
Multiplying Factors for Friction Coefficient Values 


150 
1.154 


Other C, values 
Relative discharge 


Other n values 
Relative discharge 


Other K, values 
Relative discharge | 


Base Cy = 130 


140 120 
1,077 1.000 0.923 


Other F,, values 


Relative discharge 


a given diameter can be obtained 
from the formula: 


d + 20 


400 


in which ¢ is the minimum thickness 
and d is the diameter, both in inches. 

Except for welded steel pipe or 
penstocks under high heads, stress 
relief and X-raying are not required. 
If the plate thickness is in excess of 
1} in., however, or, for thinner plates, 


d+ 50 
in excess of ae the pipe should 


be stress relieved. 


1.50 
0.887 | 


The slip-bell type of joint is widely 
used because of its flexibility, ease in 
forming and laying, watertightness and 
simplicity. Small angle changes up to 
about 4 deg. can be made in this joint. 
It may be welded on the outside only, 
or, if the diameter permits, on the 
inside also. 

Butt-welded joints will develop full 
strength but will require more care in 
cutting and fitting up in the field, if 
changes in alignment or profile occur 
frequently. 

Pipe with bell-and-spigot joints for 
calking is easy to lay and requires no 


ae 
| | 1.015 0.846 
at Base n = 0.011 
0.009 | 0.010 0.011 0.012 0.013 
1.222 | 1.100 1.000 | 0.917 0.846 
Base K, = 0.36 
a 0.32 0.34 0.36 | 0.38 0.40 | : 
5 1.125 | 1.059 1.000 | 0.946 | 0.900 | i 
aN Base F,, = 1.75 
2.00 | 1.85 | 1.75 1.65 | 
1.143 | 1.057 | 1.000 0.943 | 
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field welding. The joint must be rigid however, for special conditions, such as 

and should be used only for water pres- connections to flanged gate valves, 

sures less than about 200 psi. and for bridge crossings or meters. 

diameters up to about 48 in. Butt-strap welded joints are rela- 
Mechanical couplings, such as the _ tively expensive but are desirable where 

Dresser and Victaulic types, provide ease of fitting up butt-welded joints on 

ease of installation and flexibility. Vic- large steel pipe laid aboveground is 


TABLE 3 
Relative Discharge Capacities of Pipes Flowing Fuil* 


Relative Discharge Capacity 


pe Diam.—in. 


9 | 171,080 | 113 13 8.9 
90 «| 144,280 | 94 11 7.5 
| 120.250; | S88 15 93 6.2 
78 | 6S | 48 7.7 5.1 
72 | 80,059 | 53 39 6.2 41 
66 | 63,260 | 42 31 3.14, % 8 4.9 3.3 
60 | 49,467 6.2 3.8 2.5 
37,456 25 18 4.7 2.9 1.9 
48 27,446 18 13 noe 3.4 24 1.4 
4? 19,29? 13 } 9.3 7.0 | 44 | 2.4 1.5 1.0 
6 12,842 8.5 6.2 1.0 

a4 4,403 29 16 | 1.0 


Diam.—-1 
171.080 | 63 4.6 3.5 Ge aes 1.7 1.4 1.2 
90 | 144,280 | 3.9 2.9 1.5 1.2 1.0 
84 | 120,250 | 44 3.2 24 1.9 1S j 1.2 1.0 
4 78 98,885 3.6 2.6 20 | 16 iZ.-1 21s 
’ 7 80,059 2.9 2.1 1.6 1.3 1.0 
; 66 63,260 | 23 1.7 1.3 1.0 
i 49.407 | 1.8 1.3 1.0 
S4 37,456 14 1.0 
48 27,446 1.0 


* Based on pipe interiors of same smoothness, and D'% 


taulic couplings are used on smaller required. The butt joint should be 
sizes of pipe and require a groove or fully welded, using the strap as a 
bar at the ends of the pipe sections. backup bar. 

Flanged field joints are not generally Riveted field joints are rarely used 
used on large-diameter steel pipe be- now, except on very thick pipe in some 
cause of their high cost and lack of instances. 
flexibility. They are advantageous, Drive joints are sometimes used for 
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light-gage steel pipe. The ends of each 
section are slightly belled and tapered, 
and the pipe sections are driven to- 
gether for several inches into a tight fit. 


Protection 

Steel pipe, because it has sometimes 
been installed without giving due con- 
sideration to soil conditions, may ap- 
pear to the layman to be more suscepti- 
ble to corrosion than pipe made of 
other materials. This susceptibility, 
however, occurs only with unprotected 
steel pipe in soils of a corrosive nature, 
and, when permanent protection is ap- 
plied to the pipe, its useful life is as- 
sured for many decades. 


The essential requirements of a pipe 
protective coating are adhesiveness ; re- 
sistance to deformation, moisture ab- 
sorption and cracking; chemical inert- 
ness ; high electrical resistance ; ease of 
application; reasonable cost; perma- 
nence ; and smoothness. 

The adhesion of the coating. should 
be great enough to resist the tendency 
of certain soils to contract and pull the 
coating from the pipe, and to resist any 
shearing action of the soil if the pipe 
moves longitudinally. The coating 
should have sufficient mechanical 
strength to resist deformation from 
pressure or soil stress or that due to 
handling and laying the pipe. It should 
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resist moisture to the extent that not 
more than 0.25 per cent by weight is 
absorbed in 250 days. A good coating 
will waterproof the pipe. It should re- 
main stable under soil chemicals and be 
chemically neutral to the pipe steel. 
The sustained electrical resistance of 
the coating should be at least 100,000 
ohms per square foot. The interior 
lining should be smooth to give high 
carrying capacity. 

A study of all of the various types 
of coatings available will show that no 
single coating fulfills all of the require- 
ments indicated above. Therefore, it 
becomes expedient to select a com- 
posite coating that will be as effective 


as possible under the conditions to be 
met. Considering the overall require- 
ments, the combination coating which 
at present displays the most favorable 
characteristics for a permanent, buried 
steel pipeline is spun coal-tar enamel 
inside, coal-tar enamel outside, asbes- 
tos-felt wrap and whitewash. 

The A.W.W.A. has developed stand- 
ard specifications covering coal-tar 
enamel coatings (23), and a summary 
of the various types of coatings recom- 
mended under different conditions is 
given therein. 

L. F. Scherer and O. C. Mudd (24) 
offer the following suggestions for pipe 
coating techniques : 
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Fic. 9. Theoretical Collapsing Strength (Love) 


1. The detection and patching of all 
holidays before pipe is lowered into 
trench 

2. The thorough preparation of trench 
[1] by removal of all materials, debris or 
objects liable to cause excessive pressure 
against the coating, and [2] by laying 
along the trench bottom sufficient fine- 
textured soil or sand to give uniform 
weight distribution after the pipe is 
lowered. 

3. The exercising of care when lower- 
ing the coated line. The use of a fine 
soil, free of hard objects, for the first 
part of the backfill 

4. The exercise of care to prevent de- 
bris from falling or being thrown into 


the open trench or backfill at any time. 


5. The application of cathodic protec- 
tion, if necessary, as soon as possible 
after line is backfilled in place. 

One of the best methods developed 
to date for determining in advance the 
corrosivity of a soil is the field soil 
survey. The practical importance of 
making a soil survey in connection with 
the selection of the proper external pro- 
tective coating is becoming more appar- 
ent. It can result in an ultimate saving 
by the elimination of unnecessary pro- 
tection and by assuring proper protec- 
tion where needed. It is now realized 
that failures have been due not only to 
poor application of the coating, but also 
to underprotection or poor selection of 
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External Pressure — psi. 


20 40 60 
Fic. 10. 


coating material for a particular local 
condition. A suggested procedure for 
making soil surveys includes : 

1. Careful selection of soil samples 
along pipeline right-of-way 

2. Recording of topography, local 
conditions and so forth 

3. Comparison of right-of-way map 
with United States government soil 
maps j 

4. Measurement of soil resistivity 

5. Chemical analysis of the more im- 
portant soils 

6. Final selection of protective coat- 
ing for portions requiring it 

Observations of the electrical con- 


Theoretical Buckling Strength ( Timoshenko) 


ductivity of soils indicate that very 
little external corrosion results from 
soils having a resistance of over 5,000 
ohms per cubic centimeter. Table 5 
shows the amount of external protec- 
tive coating required for various types 
of soil. 

The matter of electrolysis should be 
investigated on all major pipelines and, 
if found to exist, should be counter- 
acted by the introduction of cathodic 
protection (25-27). 

Furthermore, it is desirable that the 
chemical analysis of the water be de- 
termined, since such factors as carbon 
dioxide, dissolved oxygen and warm 
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* Key: (a) welded slip bell; (b) single butt; (c) double butt; (d) reinforced bell and spigot; (¢) butt-strap 


welded; ({) Dresser type coupling; (g) Victaulic type coupling; (h) 


eted, with butt strap 


water temperatures may cause severe 
corrosion of the pipe interior in a 
relatively short time. 

Other objectionable elements which 
may be present in the water or soil 


are: [1] chlorides—10-25 ppm. being 


flanged-end welded; (i) riveted; (j) riv- 


slightly corrosive, 100-500 ppm. very 
corrosive and more than 500 ppm. ex- 
tremely corrosive ; [2] sulfates—harm- 
ful to concrete, 20-30 ppm. being 
slightly corrosive and 300 ppm. or 
more severely corrosive; [3] carbon- 
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ates—calcium and magnesium carbon- 
ates are not harmful, but sodium car- 
bonate in concentrations of 100 ppm. 
or more is serious; and [4] nitrates— 
active and undesirable. 

A complete survey of the water and 
soil characteristics to be encountered 
in any major pipe irstallation should 
be made during the design stage, so 
that remedies can be employed to elim- 
inate all of the detrimental elements. 


Fittings and Appurtenances 


Steel pipe is readily adaptable to the 
construction of fittings and junction 
pieces required in a pipeline. Tees 
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maximum angle between adjacent seg- 
ments does not exceed 22.5 deg. 
Therefore, a two-piece elbow would be 
used up to 22.5 deg., a three-piece el- 
bow from 25 to 45 deg., a four-piece 
elbow from 45 to 67.5 deg. and a five- 
piece elbow from 67.5 to 90 deg. 

The radius of the elbow should be 
as long as practical to obtain good hy- 
draulic properties, and the centerline 
length of each segment of the elbow 
should be great enough to prevent the 
adjacent girth seam welds from being 
closer than about 12 in. If Dresser 
couplings are to be used for field con- 
nections at the ends of any fitting, the 


TABLE 5 
Protective Coatings Required in Various Soils 


Description 


Estd. Life of 
Bare Steel 


Pipe Protective Coating Recommended 
yr. 


excellent 10,000-6,000 
6,000—4,500 


4,500—2,000 


| bad 2,000-0 

should be designed so that the run is 
at least 1} times its diameter, and the 
outlet is half the length of the run 
measured from the center of the run; 
crosses are generally made with both 
runs the same length. Wyes or lat- 
erals should be designed so that the 
outlet is sufficiently long to prevent 
fouling of the run and to permit room 
enough to perform good welding work 
in the crotch. This type of fitting re- 
quires careful design work to determine 
the right method and amount of rein- 
forcement and stiffening needed to ob- 
tain full strength of the wye branch. 
Elbows should be laid out so that the 


25 or more | none 


25-17 cost not to exceed 10 per cent of 


entire cost of line 


17-10 | cost not to exceed 20 per cent of 
entire cost of line 


10-1 very heavy 


end segments should be made suffi- 
ciently long to allow proper bearing 
length for the coupling. Reducers 
should be made so that the angle of 
the cone is about 12 deg. Several 
papers on the design of fittings may 
be referred to (28-30). 

Air valves (31, 32) should be in- 
stalled at every summit point or abrupt 
change downward in the profile along 
the pipeline in order to permit the re- 
lease of any air that may accumulate 
there during the filling of the pipe, and 
to allow the entrance of air into the 
pipe during draining or in the event of 
rupture at a low point. 
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A blowoff should be installed at each 
depression along the pipeline, where 
necessary, so that all water may be 
drained from the pipe. It usually con- 
sists of a short length of pipe con- 
nected to the bottom of the main pipe 
and carried a sufficient distance from 
the latter to enable a gate valve or 
other device to be installed. The size 
of the blowoff depends upon the length 
and size of pipe to be drained and the 
pressure available at that point. As a 
rough rule, the diameter of the blowoff 
should be about 2 in. for each foot of 
diameter of the main pipe. To deter- 
mine the proper size of the outlet, how- 
ever, the blowoff may be considered an 
orifice, and the discharge can be com- 
puted for the assumed size and average 
head available. Using this discharge 
figure, the length of time necessary to 
drain the main pipe can be determined. 
If the time is longer than desired, a 
recomputation should be made, based 
on a larger-size blowoff outlet. 
Valves should be installed in the 
main pipeline at points where shutoff 
control or isolation of any particular 
section is desired, and on all lateral 
lines. These valves may be smaller in 
size than the main pipe, to effect a 
considerable saving in cost with only 
a relatively slight increase in friction 
loss. An air valve should be placed 
adjacent to each gate valve in the main 
pipe on the downstream side to permit 
inflow of air after the valve 1s shut. 
Suitable manholes should be in- 
stalled on all large-size pipe at not more 
than 1,500-ft. intervals, and passholes 
should be placed at convenient loca- 
tions. These appurtenances will pro- 
vide access for workmen, cables and 
other materials into the pipeline. 
Expansion joints on buried welded 
steel pipelines are not generally neces- 
sary or desirable, except for construc- 
tional purposes. Because of the 
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strength, ductility and elasticity of 
steel pipe, any normal stresses due to 
temperature changes will be safely re- 
sisted. The ordinary steel pipeline, if 
buried, undergoes only a relatively 
small temperature change, and the pipe 
is continuously anchored by earth 
cover. 

If the pipe is installed aboveground, 
it is seldom laid for any long stretch 
in a straight line. Because of its flexi- 
bility, the pipe is capable of movement, 
which acts to relieve any temperature 
stress that may develop. If the line 
could be laid so as to permit absolute 
freedom of movement, and were sub- 
jected to a 50°F. change in tempera- 
ture, a straight section of pipe 1,000 ft. 
long would have a movement of nearly 
4 in. On the other hand, in a steel 
pipeline laid so as to be absolutely fixed 
and rigid, a temperature change of 
50°F. would cause a unit stress of 
about 9,500 psi. Inasmuch as the line 
cannot be rigid or entirely fixed, how- 
ever, the actual stress would be some- 
what less. Therefore, except under 
extreme conditions, any temperature 
stress which the ordinary steel pipe 
may develop will not be serious. 

It is important that the final welded 
connections of the pipeline be made in 
the presence of lower temperatures, in 
order to eliminate any excessive tensile 
stresses. Serious stresses due to tem- 
perature changes can occur at bends 
or other fittings in a pipeline. If 
movement of the pipe takes place and 
the fittings are not fixed, there is a 
possibility of rupture at the fitting as 
the result of high bending stresses. In 
order to avoid these stresses, it is nec- 
essary to prevent movement of the 
fittings by means of anchor blocks, de- 
signed to resist the thrust of the wa- 
ter pressure as well as the stresses 
due to temperature. Steel rings at- 
tached to the outside of the pipe at the 
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anchor blocks insure against slippage 
of the pipe through the anchor. An- 
chors are also necessary on steep slopes 
to prevent the pipe from sliding 
downhill. 

Expansion joints, when used, should 
be watertight and readily flexible. 
The sleeve type of joint with packing 
and noncorrosive metal is commonly 
found to be satisfactory. 

Welded steel pipe laid aboveground 
or in tunnels is generally supported on 
saddles or by ring girders on piers. 
Ring girders are usually spaced at 
greater intervals than saddles. Tra- 
hern (33) describes an interesting de- 
sign for steel pipe supported above- 
ground on flexible slings. 

If the diameter of the pipe is large 
compared with the thickness (a ratio 
greater than about 300:1), it may be 
necessary to use stiffeners around the 
pipe at certain locations to maintain 
its roundness. 


Ring Girder Construction 


When large-diameter steel pipe is 
laid aboveground or across ravines or 
streams, rigid ring girders, spaced at 
relatively long intervals, have been 
found very effective supports. These 
girders prevent the distortion of the 
pipe at the points of support and thus 
maintain its ability to act as a beam. 
Generally, practical considerations 
limit the spans to 40-100 ft. 

A satisfactory, rational design for 
this type of construction, based on 
the elastic theory, was presented 
by Herman Schorer (34) in 1931. 
Schorer’s basic analysis includes trans- 
verse stresses (shear at the point of 
support and ring tension due to inter- 
nal pressure) and longitudinal stresses 
(rim bending at point of support, 
stresses due to pipe acting as a con- 
tinuous beam, longitudinal shear due 
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to beam action, and elongation due to 
ring tension and temperature stresses). 

In the formulas given below, the 
symbols have the following meanings: 


a is the eccentricity of reaction, ¢ 


from a tangent to the center of the 
pipe shell; c is the width of the circular 
girder ring; f, is the maximum com- 
bined ring stress in the shell; f, is 
the combined maximum longitudinal 
beam stress; f». is the maximum longi- 
tudinal rim bending stress in the shell; 
h is the head above the bottom of the 
pipe; p is the variable pressure on the 
inside of the pipe circumference; g is 
the unit weight of fluid flowing in the 
pipe; r is the mean radius of the pipe; 
t is the thickness of the pipe shell; 
w is the weight of pipe shell per unit 
of area; A, is the area of the support- 
ing ring, in a plane along the axis of 
the pipe; D is the diameter of the 
pipe (equal 2r); Z is the length of 
span from center to center of the ring 
girder supports; Q is the total load 
of the pipe shell transmitted by shear 
to one supporting ring; y is the dis- 
tance from neutral axis to extreme 
fiber; and J is the moment of inertia. 

Stress in pipe shell. The maximum 
combined ring stress is: 


D 


The combined maximum longitudinal 
stress is: 


q 
+4) 


The latter equation was developed 
through the analysis of a pipe sup- 
ported at the ends, acting as a simple 
beam. In a continuous pipeline sup- 
ported at intervals and acting as a 
continuous beam, the values obtained 
for f, must be multiplied by two- 
thirds. 
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The maximum rim bending stress 


of the shell is: 


f 1.82(A, — ct) 


This equation was developed on the 
assumption that the rim load is sym- 
metrical. Since the rim load is not 
symmetrical, because of the weight of 
the water, a good approximation of 
the true value of f, is obtained by 
substituting the value of f, as found 
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The maximum ring stress, f2, due to 
shear forces is: 


The ring stress, f;, due to radial forces 
is: 


Since all of these stresses are com- 
bined at the horizontal diameter, the 
total maximum stress, f, in the ring 


pr irder is: 
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The total combined longitudinal To support the ring girder, a short 
shell stress, f, is: column on each side of the pipe is 


Stress in ring girder. The minimum 
possible value of the maximum bend- 
ing moment in thé ring girder occurs 
when a = 0.047 outside the neutral 
When this is true, the maxi- 


axis. 
mum bending moment, M, in the 
girder is: 

M = 0.010r 
The maximum bending stress, f; 
(general bending formula), is: 

f My 

I 


attached to the girder and supported 
on a pier either by direct bearing, 
roller device, rocker assembly or pin 
connection. In any event, the design 
must permit longitudinal movement 
of the pipe as well as afford adequate 
support. In addition to proper de- 
sign of long-span ring girder—sup- 
ported steel pipelines, carefu! field 
erection is essential, particularly in 
regard to alignment and camber, 
avoidance of movement caused by 
temperature differences on opposite 
sides of the pipe, and correct welding 


procedure. The maximum allowable 


4cA, 
| 
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TABLE 6 
Average Deflection of Buried Welded Steel Pipe* 


Deflection—-in. 


Diam. Thickness 


bes 4-it. Cover 10-1t. Cover 


Dead Load =| hive Dead Load 


0.43 0.78 0.83 0.90 
0.31 0.56 0.59 0.64 


0.50 0.88 1.00 1.09 
0.42 0.74 | 
0.33 0.59 


0.53 0.92 
0.48 0.83 
0.41 0.71 


0.54 0.94 
0.51 0.88 
0.47 0.82 
041 0.71 


0.52 0.90 
0.49 0.85 
0.45 0.78 


0.53 0.91 
0.51 0.88 
0.48 0.83 


0.53 0.91 
0.51 0.88 
0.50 0.86 


0.55 0.92 
0.54 0.90 
0.53 0.88 


0.57 0.93 
0.56 0.92 
0.55 0.90 
i‘KWr 
* Based on formula (Ref. 43): d = Ee +0732 or in which d is deflection of vertical diameter (in.); f is de 


flection lag factor (equals 1.5); K is bedding constant (e juals 0.10); W is backfill load per foot of pipe (ib.); 7 is 
radius of pipe (in.); E is modulus of elasticity (equals 30,000,000 psi.); ¢ is pipe thickness (in.); and ¢ is modulus of 
passive pressure of sidefill material (psi.). 

Trench width equals pipe diameter plus 1 ft. Laying « onditions: flat-bottom trench, backfill tamped at least to 
top of pipe. 


stress in the ring girder or the pipe Some advantages of ring girder 
shell when the pipe is fully loaded is support for pipelines are that it per- 
usually 10,000 psi., or 18,000 psi. if mits replacement of flumes, reduces 
half loaded. flood and highway hazards, eliminates 


883 
36 | 1.08 | 1.18 4 
i's 0.85 | 0.92 
i 1.06 1.16 

48 1.11 | 1.21 

t 
54 1.16 1.24 

60 1.15 1.25 
| 1.11 1.21 

ii. 
66 1.21 1.30 
1.19 1.28 | 
i 1.16 1.25 
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TABLE 7 
Trench Requirements for Steel Pipe* 


Trench 
Clearance 
} Vertical Wall 


* Values based on pipe of j-in. plate 


inverted siphons, avoids expensive 
substructures required by other types 
of construction and affords an easy 
method of crossing swamps and 
marshes. There are a number of use- 
ful references on this subject (30, 35- 
39). 


Saddle Construction 


For self-supporting unstiffened steel 
pipe carried on steel or concrete sad- 
dies, the cradle under the pipe should 
have a bearing support of 90-120 deg. 
Concrete cradles should have a thick- 
ness of one-fourth the diameter of the 
pipe, but not less than 12 in. The 


Bottom Width of Trench 


$:1 


minimum depth of the cradle below the 
bottom of the pipe should also be one- 
fourth the pipe diameter. Laterally, 
the cradle should be 8 in. longer than 
the horizontal diameter of the pipe. 
Reinforcing steel appears to be of value 
only in that portion of the cradle under 
the pipe. 

For profile slopes up to about 25 
per cent, it is possible to rest saddles 
on concrete sills, but, for steeper 
slopes, the supports are usually solid 
concrete piers. The contact surface 
between the saddle and the pipe should 
be lubricated to reduce frictional re- 
sistance, which can be accomplished 


R84 
inches 
6 31 27 27 
00 6 43 36 32 30 30 a 
% 6 49 41 36 33 32 oi 
6 52 4 38 35 33 
@. 7 6 55 46 40 36 34 
i 45 6 58 48 42 38 36 a 
i FS 6 61 50 44 39 37 a 
q 51 | 6 64 53 45 41 38 es 
$4 | 6 67 55 eo... 42 39 = 
57 6 70 57 49 44 41 is 
j oO | 6 73 60 51 42 
; 63 6 | 76 62 53 47 43 Ge 
6 | 6 79 64 55 48 44 a 
4 69 | 6 82 67 | 56 50 46 a 
72 9 91 75 65 59 55 F: 
75 9 o4 77 67 60 57 Be 
78 9 97 79 68 62 58 
| &4 9 103 84 72 65 60 a 
00 9 109 89 76 68 63 3 
% 121 100 86 78 74 ae 
102 127 104 90 81 76 Ta 
108 133 109 94 84 79 
139 114 7 87 81 
120 145 118 101 90 
4 132 157 128 109 % | 89 
144 169 137 116 102 94 
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with two layers of sheet packing having 
graphite grease placed between them. 
It is good practice to construct the 
saddles with a radius about | per cent 
larger than that of the outside of the 
pipe. 

The maximum deflection of the pipe 
acting as a beam between adjacent sad- 
dles should be limited to gg of the 
span. The safe span for various diam- 
eters and thicknesses of steel pipe sim- 
ply supported is indicated in Fig. 12. 
The formula used is: 


|7,500d¢ 
N321 + d 
in which Z is the span, in feet; ¢ is the 
thickness, in inches; and d is the diam- 
eter, in inches. A maximum longi- 
tudinal stress of 5,000 psi. at the saddle 
is assumed. If the pipe plate thick- 
ness at the saddle is too light for the 
load and becomes overstressed, this 
condition can be corrected by increas- 
ing the plate thickness at the saddle for 
a distance of about two pipe diameters 
plus the width of the saddle. Also, if 
the pipe should tend to distort at the 
saddle, it can be held circular by means 
of stiffeners placed around the pipe on 
each side and close to the saddle. 


Steel Pipe Installation 


During loading, shipment and un- 
loading of the pipe, every precaution 
should be taken to prevent any form 
of injury. This is equally important 
during the actual laying of the pipe in 
its final position. The contract speci- 
fications should be explicit and should 
cover fully the welding of the field 
joints, testing, coating and so on. Erec- 
tion work should be performed from 
anchor points toward the expansion 
joints, if any. The pipe should be ac- 
curately placed and braced to prevent 
undue distortion, and a welding tech- 
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nique should be adopted that will re- 
duce residual stresses. The quality of 
all field work should be on the same 
high level as that required in the shop. 
The average deflection of buried steel 
pipe is shown in Table 6 for various 
diameters, thicknesses and depths of 
cover. Trench requirements for steel 
pipe are shown in Table 7. The sub- 
ject of field installation of steel pipe is 
thoroughly discussed in published arti- 
cles (40-42). Current A.W.W.A. 
specifications for large-size steel pipe 
should also be consulted. 
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Prevention of the Settlement of Iron 


By Clarence R. Henry 


A paper presented on May 22, 1950, at the Annual Conference, Phile- 
delphia, by Clarence R. Henry, Chief Chemist, Dept. of Water & 


Sewers, Miami, Fla. 


URING the 1948-49 winter sea- 

son it was necessary to operate 
the Hialeah Water Treatment Plant of 
Miami, Fla., at well in excess of its 
60-mgd. rated capacity. The popula- 
tion of the Greater Miami area is in- 
creasing rapidly, and it became appar- 
ent that the proposed 40-mgd. softening 
plant would be completed much too late 
to meet the rapidly rising water de- 
mand. Therefore it was decided to 
meet the seasonal peak load from 
standby wells, pumping unsoftened, 
chlorinated water into the distribution 
system. 

It was considered better for part of 
the area served to receive hard water in 
quantity than for the whole to suffer 
from inadequate supply. The water 
contains an appreciable amount of iron 
and there was no possibility of remov- 
ing it. Over and above the apparent 
disadvantages inherent 1n such a water 
was the fact that it would be pumped 
through a pipe designed to carry a 
very much larger amount as treated 
water, resulting in a calculated maxi- 
mum velocity of O.8 fps. It was be- 
lieved that nowhere in the distribution 
mains or feeder lines would this rate 
be exceeded and that, in many areas, 
the water would travel slowly back and 
forth or stop entirely, with the result 
that large accumulations of ferric hy- 
droxide would develop. The conse- 
quent red-water condition would far 


exceed the consumer's forbearance and 
would be too severe for a practicable 
flushing program to alleviate it. It was 
hoped that this situation might be pre- 
vented and the iron content of the wa- 
ter at all points held, as nearly as pos- 
sible, to the level present in the original 
well water. This was the purpose of 
the study to be described. 


Experimental 


The rate of settlement of iron was 
measured as quiescent settling in 1- 
liter glass-stoppered pyrex bottles. No 
determination was made of the ma- 
terial which fell to the bottom of the 
bottles hecause of time and labor con- 
siderations, as well as the great possibil- 
ity of manipulative error. Instead, sam- 
ples from the top 4 in. of water were 
taken through a short glass U-tube at- 
tached to a pipet. The reasoning was 
that, where no settlement had occurred, 
the original iron content would be pres- 
ent throughout the bottle, and that any 
lesser amount found at the top would 
indicate the amount to be found at the 
bottom, or on its way to the bottom, 
of the bottle. Total iron was deter- 
mined in the water so sampled by boil- 
ing for five minutes with 6N nitric acid, 
cooling, and measuring, with a pho- 
tometer, the color developed by am- 
monium thiocyanate, as described in 
Standard Methods (1). 


887 


2 

4 

4 
3 

4 

¥ 
ats, 

4 
aa Ve 

fe 

| 

| if 


888 


The water in this area is quite uni- 
form in composition (see Table 1). 
Samples were taken from wells averag- 
ing 90 ft. in depth—either 3-in. obser- 
vation wells, after fifteen minutes’ 
pumping at 250 gpm., or wells in op- 
eration. The water was led through a 
rubber tube to the bottom of the 1-liter 
pyrex bottles. The rate of cverflow 
was timed so that filling plus replace- 
ment of the water at least three times 
could be assured before the tube was 
slowly withdrawn and the stopper 
firmly seated. No air bubbles were 
permitted. 


0.7 


.° Uneerated _ 


Aerated 

Chlorine (2 ppm.) 

4 Fiuoride(] ppm. 

© Polyphospnate A | 


0 1 2 3 a 5 
Time days 


01 


Fic. 1. Effects of Single Treatment Only 

Except for the two-hour interval 
noted in Fig. 2, all samples were treated 
at once in the field. Each treatment 
was performed on five or more bottles 
during one or more visits to the field, 
so that every point on the figures shows 
the effect of the treatment as indicated 
and without any disturbance in sam- 
pling, additional aeration or even move- 
ment. Freshly prepared and _ stand- 
ardized solutions were used through- 
out. The calculated amount of each 
chemical was added by means of a 
pipet as far down in the bottle as pos- 
sible, the stopper was seated and the 


CLARENCE R. HENRY 


Jour. AWWA 


water was mixed thoroughly by at 
least ten rapid inversions of the bottle 
after each application. In the labora- 
tory, the bottles, which were labeled in 
the field, were separated into groups 
and kept out of direct sunlight at room 
temperature, between 27° and 29°C. 
The original water temperature was 
24-25°C. 


TABLE 1 
Typical Well Water Analysis 


pH 

Color 
Temperature 
Turbidity 


Ammonia nitrogen (N) 
Carbon dioxide, free (CO.) 
Oxygen, dissolved 
Total solids 
Silica 
Iron, total (Fe) 
Calcium (Ca) 
Magnesium (Mg) 
Alkalinity (CaCOs;) 
Phenolphthalein 
Methyl orange 
Sulfates (SO,4) 
Chlorides (C1) 
Hardness (CaCO); 
Total 


Noncarbonate 


Results 


The results of the tests described 
above are shown in Fig. 1-5. Figure 
1 represents the results of the applica- 
tion of one treatment only to the water. 
For example, the water to which fluo- 
ride was added was neither aerated nor 
chlorinated. The lower of the two 
curves shown indicates the effect of 
aeration and chlorination to be the 
same—one-half the iron precipitates in 
2.2 days. When present in larger 
amounts than the 0.7 ppm. here, the 
iron settles in a shorter time. The 
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quantity of chlorine added was 2 ppm. 
throughout—except in some work on 
larger amounts of iron—since 2 ppm. 
was sufficient to leave a small but defi- 
nite residual (0.3 ppm.) after two 
hours. 

The lower curve may be called the 
“curve of no effect” or of most rapid 
iron settlement. It represents not only 
the effect of oxidation, but also of chlo- 
rination, on the settlement of iron. Its 
validity was verified in some work not 
shown in Fig. 1. A whole series of 
nine differently treated samples was 
opened for sampling on the second, 
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Fic. 2. Polyphosphate-Chlorine 


1 


third, fourth and fifth days as outlined 
above, but each was further aerated 
and mixed again after the main iron 
sample had been removed. These sepa- 
rate bottles were then resampled, with- 
out further mixing, after one, two, 
three and four days of further quiescent 
settling. All of these samples showed 
the original iren content one day after 
the mixing, with a decrease in total 
iron from the top 4 in. of the bottle 
on and after the second day, in agree- 
ment with the other samples of the 
same total age. 

The upper curve in Fig. 1. fits the 
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points in a general way only. Obvi- 
ously, a water which was truly stable 
within the conditions described would 
have shown no settlement. This curve, 
with the points showing no aeration, 
does serve as a reference, however, It 
will be noted that the action of 5 ppm. 
polyphosphate A is erratic, and lesser 
amounts have a decreasing effect. 
Fluoride, in a 1l-ppm. concentration, 
has a negligible effect. 

The lower curve—the “curve of no 
effect”—is repeated in Fig. 2-4 for 
reference and is not intended to fit the 
points shown. 
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Fic. 3. Polyphosphates, Phosphates and 


Fluoride 


Figure 2 shows the effect of Poly- 
phosphate A applied either before or 
after chlorine. In some tests, old, white, 
encrusted polyphosphate A was used. 
Others were made with newly pur- 
chased, glassy polyphosphate A which 
had been washed and dried. The in- 
terval between additions was five min- 
utes except where otherwise indicated. 
It is evident that the addition of poly- 
phosphate must precede that of chlorine 
for best results. As long as the mixing 
is thorough, the time interval between 
additions is not critical. Where a 
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fifteen-second interval is indicated, the 
bottles were treated individually rather 
than in sets of five, and fifteen seconds 
was simply the minimum manipulative 
interval. It will be seen that the per- 
missible interval apparently extends 
from the instant that the polyphosphate 
may be intimately mixed with unoxt- 
dized iron up through two hours. 

It also appears from Fig. 2 that the 
previously recommended (2) dosage of 
2 ppm. polyphosphate for each part per 
million of iron in the water is insuffi- 
cient, since the 3.0-ppm. points com- 
cide with the “curve of no effect.” 
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Fic. 4. Sodium Silicate 


Not only do the two-hour interval 
points (numbered circles) follow the 
pattern of the fifteen-second and five- 
minute interval points, but there is a 
correlation between dosage and effect— 
more than 3.0 ppm. phosphate ts neces- 
sary for favorable results. With 0.7 
ppm. iron present, the polyphosphate- 
iron ratio for 3 and 5 ppm. polyphos- 
phate is 4.2 and 7.2, respectively. 
Moreover, it was observed that the ad- 
dition of larger amounts of polyphos- 
phate to the water produced a bluish- 
white turbidity within a few hours, 
which settled as the total suspended 
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iron decreased. This turbidity was 
measured and was found to be equiva- 
lent to 2 ppm. as silica, for a 5-ppm. 
dosage of polyphosphate. 

Although it is known that the poly- 
phosphates revert to simpler forms, in 
time, on heating, and at high and low 
pH values (3), it was noted that ma- 
terial exposed to moist air for over a 
year—which was definitely encrusted 
and opaque, showed a barely visible 
line of clear, glassy appearance along 
the center of the flakes and was there- 
fore obviously reverted—-gave some- 
what better results than new material. 


Potyphos. phate A 
| © Polyphosphate B 
4 Polyphosphate C 
re Sodium silicate, as SiO, 


Silica sol, as SiO, 


Tirme — days 
Fic. 5. Reagent-Iron Ratios 
Four lots of newly purchased polyphos- 
phate were used. The material was 
washed in distilled water, dried be- 
tween filter paper and placed in a desic- 
cator overnight. The following morn- 
ing, the polyphosphate was freshly pre- 
pared for use one hour later. Because 
of the results obtained with the old, re- 
verted polyphosphate, it was decided to 
test mono-, di- and trisodium phos- 
phates as well. 

Figure 3 shows the effect of two 
other polyphosphates, mono-, di- and 
trisodium phosphate and fluoride ion. 
Applications were made at five-minute 
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intervals, except as otherwise indicated. 
The phosphates were added in amounts 
equivalent to 5 ppm. polyphosphate A, 
based on phosphorous content. The 
phosphates, which were applied before 
chlorine, seemed to hasten the settle- 
ment of iron. The addition of fluoride 
ion ( 1 ppm.) was without effect within 
the permissible concentration. Poly- 
phosphates B and C were somewhat 
more effective than polyphosphate 4. 

Figure 4 shows the effect of sodium 
silicate, added at five-minute intervals, 
except as indicated. It is evident that 
the chlorine must be applied before 
the silicate for best results. When 
added before the chlorine, it will be 
noted that 5 ppm. of silica does nearly 
as well as 5 ppm. of the polyphosphate. 
The dosages are given in terms of SiO. 
So long as there is thorough mixing 
after each addition of chlorine and sili- 
cate, the time interval between additions 
is not critical. 


The upper curves in Fig. 4 are 
smoothed to fit the points determined 
by the addition of 10 and 15 ppm. SiO,,. 
With such dosages, no turbidity was 
observed until the day prior to the 


settlement of the iron. Until the par- 
ticles had grown enough in size, the 
water appears perfectly clear, although 
the Tyndall effect may be seen in the 
darkroom with side lighting, which 
would indicate that the iron is not in 
solution but present as small particles 
approaching the colloidal size. 

In Fig. 5, the time of settlement for 
one-half of the iron present in the raw 
water is plotted against the reagent- 
iron ratio. In addition to points taken 
from the preceding figures, data are 
included from another well water 
tested, which contained 2.1 ppm. iron. 
Also included are data from other tests 
of the water containing 0.7 ppm. iron, 
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to which ferrous sulfate had been added, 
just prior to chlorination and the ad- 
dition of silica, to increase the total iron 
content te 1.2, 2.0, 4.0 and 6.0 ppm. 
In these tests, the chlorine dosage was 
also increased, in order to produce a 
0.3 ppm. chlorine residual after two 
hours. 

In addition, Fig. 5 shows the effect 
of applying silica as a silica sol pro- 
duced from a 1 Na,O: 3.22 SiO, ratio 
sodium silicate partially neutralized by 
carbon dioxide gas (4). The concen- 
tration of silica and the percentage neu- 
tralization were such as to give an ac- 
tive, stable sol at the time of use. 

The effect of heat upon water treated 
by all the means outlined was also in- 
vestigated. Separate test portions were 
prepared in duplicate and one of each 
was placed in the water bath. The hot- 
tles were completely filled and were 
observed both with the stoppers in 
place and unstoppered during the heat- 
ing period. Silica applications, pro- 
ducing a water stabilized against iron 
settlement for eight- to ten-day pe- 
riods at room temperature, as well as 
water treated with 5 ppm. of poly- 
phosphates, precipitated most of the 
iron in less than 24 hours when main- 
tained at temperatures of 185°, 140° 
and 110°F. No scum, incrustation, 
flecks of iron or any other amorphous 
or crystalline material was found, ex- 
cept for the slight characteristic cal- 
cium carbonate to be expected under 
the circumstances. 

The effect of several other variables 
was also observed. Frequent inter- 
mittent mixing of the samples during 
the first 48 hours after treatment had 
no effect upon the results of the addi- 
tion of either of the polyphosphates or 
of silica. The addition of an equal 
amount of softened water, with a pH of 
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8.5 and an alkalinity of 52 ppm., had no 
effect other than dilution. The change 
in the pH and alkalinity of the well 
water treated was negligible after eight 
to ten days. The maximum pH 
reached was 7.6, with 25 ppm. silica 
added. Treatment of the water with 
both polyphosphate and silica offered 
no advantage. The polyphosphate- 
produced turbidity was apparent in 
this experiment also. 


Preliminary Field Work 


Upon completion of the major por- 
tion of the laboratory work, arrange- 
ments were made to observe the effect 
of the addition of silica and of poly- 
phosphate B in actual use. A small, 
well-built-up subdivision containing 
about 150-200 residences in an area 
of about 24 6 blocks, near the loca- 
tion of the temporary wells studied, is 
served by a 4-in. well 62 ft. deep, 
through a 3,500-gal. horizontal pres- 
sure tank. The water is very similar 
in composition to that reported in 
Table 1. Hypochlorite solution was 
used for sterilization in the past, and 
there was no other treatment. By 
closing a valve, the whole area could 
be isolated. Distribution mains formed 
a complete, closed loop, with five stub 
ends one-half block long extending 
westward. These ends were flushed 
when necessary. The operators of 
this small system (Consumers Water 
Co., Coral Gables, Fla.) graciously 
consented to its use for demonstration 
of the effect of silica and polyphosphate 
addition. 

The pressure tank was blown down 
occasionally and a large amount of red 
water and rust flushed out. A similar 
condition was noted during weekly 
flushing of the distribution lines. Five 
residences were selected as representa- 
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tive sampling points for the measure- 
ment of the settlement rate of iron as 
described above. 

An application of 10 ppm. silica was 
used at the start, later raised to 15 ppm. 
After eleven days of the 15-ppm. ap- 
plication, chlorine alone was added for 
three weeks. In the period which fol- 
lowed, the effects of applying 8 ppm. 
of polyphosphate B after chlorination 
were studied. 

The copious red water flushed weekly 
from the distribution lines rapidly de- 
creased after the 15-ppm. silica appli- 
cation was begun, until the amount to 
be found at any point was hardly per- 
ceptible. No large quantity of red wa- 
ter appeared after discontinuing the 
application of silica. Two weeks after 
the application of 8 ppm. of polyphos- 
phate B, the water flushed from the 
mains was very turbid, as indicated by 
the much longer flushing time found 
necessary. The red water was of a 
distinct orange cast. 

None of the tests on residence sam- 
ples repeatedly taken to measure the 
settlement rate of iron approached the 
laboratory results. This fact was at- 
tributed in part to variations in chem- 
ical application but mainly to the draw- 
and-fill character of the operation in 
the upper part of the pressure tank, 
through approximately 8 in. of verti- 
cal travel, which would permit a por- 
tion of the water to leave at once and 
cause other portions to remain for very 
long periods. The settlement time for 
one-half of the original iron content of 
the water is shown in Table 2. 


Sodium Silicate in Use 


The four temporary wells for the 
proposed 40-mgd. water softening plant 
are located approximately 10 miles 
southwest of the central part of the 
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business section of Miami and 3.6 miles 
from the nearest point that the 48 in. 
transmission main joins the distribu- 
tion grid. Each well delivers 6.7-7.0 
mgd. 
At 7:00 a.m. on February 22, 1950, 
pumping was begun to meet the peak 
water demand, with one pump operated 
for sixteen hours every day. The de- 
mand on April 5, 1950, was so great 
that two wells were used. Heavy rains 
and cool weather permitted discon- 
tinuance of the raw-water pumping on 
April 6, 1950. 

A 1:3.22 ratio, 28.7 per cent SiO, 
sodium silicate solution was purchased 


TABLE 2 
Settlement of Iron (Residence Samples) 
Settlement 


No. of Time* 
Samples days 


5 3.0 


Treatment 


Silica (15 ppm.) 
Polyphosphate B 
(8 ppm.) 10 2.7 
Chlorine only 
After 3 days 5 


2.4 
After 7 days 5 2.1 


* For one-half original iron content. 


in one-trip drums, which were later to 
be filled from tankcar shipments, in car- 
load lots. In feeding, one drum was 
emptied by means of an eductor into 
one of two concrete septic tanks in 
parallel, and more water was added to 
produce a final volume of 495 gal. of 
3.2 per cent SiO, Approximately 3} 
drums were used per well per sixteen- 
hour day. The feed was accomplished 
by means of a plunger type pump, 
through 810 ft. of 1-in. galvanized pipe, 
to a point just ahead of a 90-deg. turn 
in the transmission main. At this 
point, it was fed into a 4-in. pipe 
bridged around a valve in the main, 
which was closed sufficiently to pro- 
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duce a 2-psi. differential in order to 
insure mixing. 

Numerous series of samples were 
taken from air vents, blowoffs from 
the bottom of the mains, and fireplugs 
at 2-7.5-mile distances from the wells. 
No samples were found in which the 
settlement of one-half of the iron was 
delayed for less than four days. In 
approximately half of the 70 samples 
taken on seven different days, this ac- 
tion was delayed for more than ten 
days, and in several samples for more 
than 25 days. 

Various blowoffs were flushed along 
the transmission line, and a_ small 
amount of red water was found. Some 
fireplugs were flushed, with the same 
result. Samples taken near the T junc- 
tion 3.6 miles from the wells were con- 
sistently low in iron, although a blow- 
off from the bottom of the pipe in the 
same area was also low in iron and little 
red water was found, which would indi- 
cate practically no settlement in that 
location. To verify this conclusion, 
several series of samples were taken 
on one- and two-hour cycles with con- 
tinual flow through air valves and 
blowoffs. Only very gradual changes 
were found in the total-iron and resid- 
ual-chlorine content. The low-iron 
samples only, but uniformly, had trace 
amounts of residual chlorine. Those 
normal in iron contained 0.4 ppm. chlo- 
rine, which decreased to 0.05 ppm. in 
eleven days. 

It is believed that the apparent ano- 
malies observed may be due to the fol- 
lowing causes: [1] the age of the wa- 
ter in the low-iron area (the portion 
of the main 48-in. transmission line 
east of the 20-in. arm leading north 
may well act as a reservoir) ; [2] vari- 
ations in silica feed (one sampling of 
the feed tank showed an alkalinity of 
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20,100 ppm. at the bottom and an 
alkalinity of 14,960 ppm. at a point 6 
in. from the top of the same tank pre- 
pared for use); and [3] possible vari- 
ations in chlorine feed. 

Beginning on February 1, 1950, a 
record was kept of all inquiries received 
by the laboratory. No complaints of 
a red color in the water, iron staining 
or any other difficulty that could be 
ascribed to iron were received until 
nineteen days after the start of the well 
pumping. After that there were a few 
complaints, equal in number to those 
concerning hardness and calcium car- 
bonate deposits alone. Other depart- 
ments, when queried at a later date, re- 
ported complaints to be few in num- 
ber, localized in areas at the greatest 
distance from the wells, and distributed 
in the same way. Complainants were 
visited and samples taken. Iron and 
some staining of cloth filters for wash- 
ing machines was found, but no large 
volume of red water was noted. From 
the conditions observed during the pre- 
vious preliminary field test, it is be- 
lieved that, had no effective treatment 
heen applied, all telephones through- 
out the water department would have 
been busy continuously. 


Evaluation 


Although the polyphosphates have 
heen recommended for preventing the 
settlement of iron and their successful 
use has been reported (5, 6), the data 
presented generally show their appli- 
cation to waters of low pH and alka- 
linity. Under the conditions of study 
and use described in this paper, the 
recommended (2) rate of application of 
twice as much polyphosphate as iron 
was completely ineffective. Moreover, 
even when the amount added was equal 
to more than four times the quantity 
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of iron, no effect was obtained, while, 
at this level, turbidity became apparent. 
Still higher dosages of polyphosphates 
gave some degree of protection from 
iron settlement, with increasing amounts 
of turbidity appearing within a few 
hours. 

Lower temperatures, as well as the 
lower alkalinities and pH, with higher 
carbon dioxide content, may account 
in part for the successful use of poly- 
phosphates reported by others. These 
conditions should favor any protective 
agent, decreasing the required dosage 
or increasing the effect. 

In 1929 the application of sodium 
silicate to wells at Jamaica, N.Y., was 
studied by Hale (7) who stated that it 
must precede chlorination or aeration. 
Although prior industrial use of the 
treatment was known, it was not 
adopted at Jamaica because the produc- 
tion of a yellow color in the water was 
noted following the silica application. 
Instead, immediate provision was made 
for iron removal. According to private 
communications, water containing con- 
siderable amounts of ferrous bicarbon- 
ate has recently been treated with silica 
by the Flatbush Water Co. (Brook- 
lyn, N.Y.), as well as at Rye, N.Y., 
and Danbury, Conn., where the water 
had an alkalinity below 80 ppm. and 
a pH of 6.2-7.0. 

Hazel’s work (8) on application of 
silicate to a ferric oxide sol—probably 
more difficult to convert to a stable 
form than the iron precipitated from 
water (Y)—indicated that approxi- 
mately 16 ppm. SiO,, fed as sodium 
silicate of 1: 3.30 ratio, would prevent 
the precipitation of iron by giving it a 
strong negative charge. The statement 
is made that the silica stabilizing action 
is enhanced at high pH values and that 
decreasing the pH of the silica solutions 
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used, with hydrochloric acid, shifted 
the recharging concentrations to higher 
values. The neutralization of the sih- 
cate solutions to varying degrees in- 
creased the amount required for floc- 
culation and for recharging the iron 
oxide sols (8). 

It is suggested that the apparent dif- 
ferences between the results of these 
studies and the experimental findings 
noted by the author may be due to the 
fact that the former work on the ferric 
oxide sols involved a very highly un- 
buffered solution, distilled water and 
an iron concentration of 55 ppm., 
whereas the present work was con- 
cerned with a much lower concentra- 
tion of ferric hydroxide, formed by the 
chlorination of a buffered well water, 
and the silica sol was produced by 
means of carbon dioxide rather than by 
strongly acid 

So far as is known, there exists no 
prior recommendation of, nor record of 


the use of, a silica sol for the purpose 
of preventing or delaying the settlement 


of iron. This treatment is here claimed 
as original, and to be effective under the 
conditions described. Partial neutrali- 
zation of sodium silicate to produce a 
sol or activated sodium silicate in- 
creases the effectiveness of the silica 
application by approximately 100 per 
cent. 

Although much more silica is added 
to the water than the amount of iron 
present, there is little or no decrease in 
the silica content after the iron has 
settled out: there is no correspond- 
ingly high silica-iron ratio in the pre- 
cipitated material. The silica probably 
remains in colloidal form having par- 
tially lost or changed its electric charge. 
Consideration of this fact, together 
with Hazel’s observations on the dif- 
ferent effects of various types of sili- 
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cates (8) and the differences in the 
various sols inherent in their manner 
of preparation, may lead to a better un- 
derstanding of the cause of filter plug- 
ging sometimes ascribed to their use. 

The iron particles are, almost, too 
small to be seen until the day: before 
rapid, measurable settlement begins. 
It is certain only that no strong force 
is available to cause mutual attraction 
between the particles, and the strength 
of the force which may keep them apart 
can vary widely. Motion, at least dur- 
ing the first 48 hours, has no effect at 
all. Continued motion would seem also 
to be without any effect other than 
temporary delay of the settling process. 
In work not reported in this paper, 
larger reagent-iron ratios exhibited an 
increasing effect on the stabilization of 
iron—that is, the upper silica curve of 
Fig. 4 tended to flatten out. It was 
considered that such higher dosages 
had no economic or practical interest. 
The addition of more than 40 ppm. of 
SiO, would simply result in an ex- 
pensive, high-silica water, nor is more 
than 10-15 days’ protection usually 
necessary. 

It is believed that the maintenance of 
lower temperatures, pH and alkalinity, 
and higher carbon dioxide content, 
should favor the stability of iron against 
oxidation by aeration or chlorination 
and hence require lower dosages of any 
protective agent. With a buffered wa- 
ter at a higher pH and temperature, 
correspondingly larger amounts would 
be required. The polyphosphates then 
become undesirable from a cost stand- 
point and because of the objectionable 
amounts of turbidity produced. On a 
straight weight-for-weight basis, so- 
dium silicate, as SiO,, is rather more 
effective than polyphosphate and pro- 
duces no turbidity, while also giving 
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corrosion protection. As previously 
mentioned, activated sodium silicate, a 
silica sol, is approximately twice as ef- 
fective as the unactivated silicate. 


Summary 


1. Results of laboratory study and 
field observations of the effects of vari- 
ous agents on the rate of iron settle- 
ment in a chlorinated well water are 
presented. 

2. A buffered well water, with an al- 
kalinity of 210 ppm., a pH of 7.2, a 
temperature of 24°C. and an iron con- 
tent of 0.7 ppm., was used. The iron 
was increased to 6.0 ppm. in some 
samples. 

3. The application of mono-, di- and 
trisodium phosphates, fluoride ion, poly- 
phosphates added after chlorine, and 
polyphosphates in amounts less than 
four times the iron content of the wa- 
ter was devoid of effect. 

4. Larger amounts of polyphosphates 
gave some protection but produced ob- 
jectionable amounts of turbidity. 

5. On a straight weight-for-weight 
basis, sodium silicate, as SiQ,, is rather 
more effective than the polyphosphates. 
No turbidity is produced. 

6. A silica sol, activated sodium 
silicate, produced by the neutralization 
of sodium silicate by carbon dioxide, is 
approximately twice as effective as so- 
dium silicate. 
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7. Since the treatment acts to de- 
lay rather than to prevent absolutely 
the settlement of iron, wells should be 
operated daily, not intermittently. The 
draw-and-fill operation of a pressure 
tank will make for extremely long ef- 
fective retention of a portion of the wa- 
ter, thus reducing the effect of any 
agent, and a maximum dosage may be 
required. 
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Tentative 
Standard Specifications for Sodium Fluoride 


Part A—Material Specifications 


Sec. 1A—Scope 


These specifications cover sodium 
fluoride for use in the treatment of 
municipal and industrial water sup- 
plies. The specifications are intended 
for use in connection with Part B 
(Sampling, Inspection, Packing and 
Marking) and Part C (Testing Meth- 
ods) of this document. 


Sec. 2A—Definition 


Sodium fluoride is a white, crystal- 
line powder of varying bulk density, 
depending on its intended use. So- 
dium fluoride may be dyed Nile blue 
or another color for purposes of iden- 
tification. It should be labeled “poi- 
son” and have an antidote printed on 
the label. 


Sec. 3A—-Caution 


Sodium fluoride dust is toxic. Men 
handling this material should wear 
protective clothing, respirators and 
goggles. They should be given de- 
tailed safety instructions. All equip- 
ment for handling sodium fluoride, 
such as storage bunkers, weigh hop- 
pers and dry-feed machines, should be 
provided with devices to keep the dust 
hazard at a minimum. 


Sec. 4A—Sampling 


Sampling shall be conducted in ac- 
cordance with Part B (Sampling, In- 


899 


spection, Packing and Marking) of 
this document. 


Sec. 5A—Methods of Testing 


The laboratory examination shall be 
carried on in accordance with Part C 
(Testing Methods) of this document. 


Sec. 6A—Impurities 


The sodium fluoride supplied under 
these specifications shall contain no 
soluble mineral or organic substances 
in quantities capable of producing dele- 
terious or injurious effect upon the 
health of those consuming the water 
which has been treated properly with 
sodium fluoride. 


Sec. 7TA—Rejection 

7A.1. Notice of dissatisfaction with 
a shipment, based on the specifications, 
must be in the hands of the consignor 
within ten days after receipt of the 
shipment at the point of destination. 
If the consignor desires a retest, he 
shall notify the consignee within five 
days of notice of the complaint. Upon 
receipt of the request for a retest, the 
consignee shall forward to the con- 
signor one of the sealed samples. In 
the event that the results obtained by 
the consignor, on retesting, do not 
agree with the results obtained by the 
consignee, the other sealed sample shall 
be forwarded, unopened, for analysis 
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to a laboratory agreed upon by both 
parties. The results of the referee 
analysis shall be accepted as final and 
the cost of the referee analysis shall 
be paid for by the party whose results 
show the greatest discrepancy from the 
referee results. 

7A.2. On the basis of the retest or 
the referee test, the consignor may re- 
move the material from the premises 
of the consignee or a price adjustment 
may be agreed upon by the consignor 
and consignee. 


Sec. 8A—Size 


The material shall be a dry powder 
containing no large lumps, shall be 
“free-flowing” and suitable for storage 
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in closed hopper bins and for feeding 
in dry-feed machines, and shall be 
readily wetted by water. 


Sec. 9A—Insoluble Matter 


The insoluble matter shall not ex- 
ceed 0.5 per cent. 


Sec. 10A—Moisture 


Moisture shall not exceed 0.5 per 
cent. 


Sec. 11A—Fluoride 


The sodium fluoride shall have a 
minimum of 42.9 per cent fluoride 
(F), which corresponds to approxi- 
mately 95 per cent sodium fluoride 
(NaF). 


Part B—Sampling, Inspection, Packing and Marking 


Sec. 1B—Scope 
These procedures for the sampling, 
inspection, packing, weighing and 


marking of sodium fluoride are in- 
tended for use in connection with Part 
A (Material Specifications) and Part 
C (Testing Methods) of this docu- 
ment. 


Sec. 2B—Sampling 


2B.1. Samples shall be taken at the 
point of destination. 

2B.2. If the sodium fluoride is han- 
dled by conveyor or elevator, a me- 
chanical sampling arrangement may be 
used. 

2B.3. If the material is packaged, 5 
per cent of the packages shall be sam- 
pled. No sample shall be taken from 
a broken package. 

2B.4. Sodium fluoride may be sam- 
pled by the use of a sampling tube 
which is at least } in. in diameter. 

2B.5. The gross sample, weighing 
at least 16 Ib., shall be mixed thor- 


oughly and quartered to provide three 
1-Ib. samples. These shall be sealed 
in airtight, moistureproof glass con- 
tainers. Each sample container shall 
be labeled to identify it and the label 
shall be signed by the sampler. 


Sec. 3B—Packing and Shipping 


3B.1. Sodium fluoride may be 
shipped in multiwalled paper bags of 
100 Ib. each, in fiber drums of 125 and 
375 lb. each and in barrels containing 
375 Ib. net, each. 

3B.2. The net weight of packages 
shall not deviate from the recorded 
weight by more than 2.5 per cent, plus 
or minus. If exception is taken to the 
weight of the material received, it shall 
be based on a certified unit weight of 
not less than 10 per cent of the pack- 
ages shipped, selected at random from 
the entire shipment. 


Sec. 4B—Marking 


Each shipment of material shall carry 
with it some means of identification 
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and warning of its potential danger, 
such as the word “CAUTION” printed 
in large letters in red ink, followed by 
a statement that it is poisonous when 
consumed in greater than trace quanti- 
ties. Each package shall have marked 
legibly thereon the net weight of the 
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contents, the name of the manufacturer 
and a brand name, if any. The pack- 
age may bear also the statement: 
“Guaranteed by (name of manufac- 
turer) to meet the specifications of the 
American Water Works Association 
for sodium fluoride.” 


Part C—Testing Methods 


Sec. 1C—Scope 


These methods for the examination 
of sodium fluoride are intended for use 
in connection with Part A (Material 
Specifications) and Part B (Sam- 
pling, Inspection, Packing and Mark- 
ing) of this document. 


Sec. 2C—Sampling 


2C.1. Sampling shall be conducted 
in accordance with Part B (Sampling, 
Inspection, Packing and Marking) of 
this document. 

2C.2. The sample delivered to the 
laboratory shall be quartered to ap- 
proximately 100 g. After thorough 
mixing, this sample should be stored 
in an airtight glass container and 
weighed out of it rapidly to avoid 
change in moisture content. 

2C.3. The laboratory examination 
of the sample shall be completed within 
five working davs after receipt of the 
shipment. 


Sec. 3C—Insoluble Matter 


3C.1—Procedure: 

3C.1.1. Weigh 5 g. of the sample 
that has been previously dried for two 
hours at 105°C., or until a constant 
weight is reached. Dissolve in 200 ml. 
of hot distilled water. 

3C.1.2. Filter through tared 
Gooch crucible, transfer the insoluble 


matter carefully to the crucible and 
wash until the washings no longer give 
a test for fluoride. 
3C.2—Calculation : 
Weight of residue 
Weight of sample 
= per cent insoluble matter 


Sec. 4C—Moisture 


4C.l. Procedure. Weigh 5 g. of 
the sample into a broad weighing bot- 
tle and heat in an oven at 105°C. for 
two hours, or until a constant weight 
is reached. Cool in a desiccator. 

4C.2—Calculation: 


_ Loss in weight. 199 
Weight of sample ; 
= per cent morsture 


Sec. 5C—-Fluoride 


5C.1—Reagents: 

(a) alcoholic potassium chloride 
(dissolve 60 g. 4 potassium chloride 
in 400 ml. of freshly boiled and cooled 
distilled water and add 400 ml. of neu- 
tral 95 per cent ethyl alcohol) 

(b) 0.200N sodium hydroxide 

(c) powdered silica gel 

(d) concentrated hydrochloric acid 

(e) methyl orange indicator, 0.5 per 
cent 

(f) phenolphthalein indicator, 1 per 
cent 

(g) potassium chloride crystals 

(h) ethyl alcohol, neutral 
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5C.2—Procedure. 

5C.2.1. Weigh 0.5 g. of sample that 
has been previously dried for two hours 
at 105°C., or until a constant weight is 
reached, into a small beaker and add 
20-25 ml. of distilled water. Add 0.5 
g. of silica gel, a few drops of methy! 
orange indicator and concentrated hy- 
drochloric acid, dropwise, to a per- 
manent pink color, and then 0.5 ml. 
in EXCcess. 

§C.2.2. Bring the solution just to 
botling, cool to room temperature and 
add 4.0 g. of potassium chloride and 
stir until Add 25 ml. of 
neutral ethyl alcohol and allow to stand 
for one hour. 

§C.2.3. Filter with suction and 
wash with alcoholic potassium chloride 
solution until one washing does not 
destroy the color made by one drop of 
0.200N sodium hydroxide solution and 
phenolphthalein indicator. 

5C.2.4. Transfer the residue and 
filter paper to a 400-ml. beaker; add 
100 ml. of recently boiled distilled wa- 
ter and 1-2 ml. of 1 per cent phenol- 
phthalein indicator, heat, and titrate 
with 0.200N sodium hydroxide. Fin 
ish titration with the solution boiling 
actively. 

§C.2.5 


dissolved. 


Calculation: 


ml. of 0.200N NaOH 0.0057 


Weight of sample 
> per cent fluoride (F) 


Sec. 6C—Free Acid 

6C.1 Reagents 

(a) potassium nitrate, saturated so 
lution 

(b) phenolphthalem indicator, 1 per 
cent 

(c) 0.100N sodium hydroxide 

6C.2. Procedure. Dissolve 2 g. of 
sample that has been previously dried 
for two hours at 105°C., or until a 
constant weight is reached, in 40 ml 


100 


TENTATIVE SPECIFICATIONS 


Jour. AWWA 


of distilled water in a platinum dish 
and add 10 ml. of a saturated solution 
of potassium nitrate. Cool the solution 
to O°C. and add three drops of | per 
cent phenolphthalein indicator. If no 
pink color appears, the solution is acid. 
Titrate the acid with 0.100N sodium 
hydroxide until a pink color is pro- 
duced which persists for fifteen sec- 
onds. Not more than 2 ml. of 0.100.’ 
sodium hydroxide should be required 
(2 ml. of 0.100N sodium hydroxide is 
equivalent to ).2 per cent hydrogen 
fluoride }. 


Sec. 70—Free Alkali 


7C.1. Reagent. 0.100N hydrochlo- 
ric acid. 
7C.2. Procedure. lf a pink color 


is produced on the addition of the 
phenolphthalein in Sec. 6C.2, the solu- 
tion is alkaline. In that event, the 
alkali should be titrated with 0.100N 
hydrochloric acid. Only gentle stir- 
ring should be used when titrating, 
and the 0.100N hydrochloric acid 
should be added until the pink color 
is discharged. Not more than 0.5 ml. 
of 0.100N hydrochloric acid should be 
required (0.5 ml. of O.100N hydro- 
chloric acid is equivalent to 0.25 per 
cent alkalinity as Na,CO,). 


Sec. 8C—Fluosilicate 


8C.1. Reagent. O.100N sodium hy- 
dre 
8C.2. Procedure. Neutralize the 


solution from either Sec. 6C.2 or 7C.2 
with acid or alkali. This adjustment 
is made by adding acid or alkali until 
the addition barely phenol- 
phthalein pink, if the solution is acid, 
or until the pink color just disappears, 
if the solution is alkaline. After ad- 
justment, heat the solution to boiling 
and titrate while actively boiling with 
0.100V sodium hydroxide until a per- 
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manent pink color is obtained. Not 
more than 1.5 ml. of the 0.100N so- 
dium hydroxide should be required 
(1.5 ml. of 0.100N sodium hydroxide 
is equivalent to 0.35 per cent Na,SiF,). 


Sec. 9C—Sulfite 


9C.1.—Reagents: 

(a) concentrated hydrochloric acid 

(b) starch solution, 0.5 per cent 

(c) 0.100N iodine 

9C.2. Procedure. Dissolve 6 g. of 
sample that has been previously dried 
for two hours at 105°C., or until a 
constant weight is reached, in 150 ml. 
of distilled water, add 2 ml. of concen- 
trated hydrochloric acid and a few 
drops of 0.5 per cent starch solution, 
and titrate immediately with 0.100V 
iodine. It should require not more 
than 0.2 ml. to produce a blue color 
(0.2 ml. of 0.100N iodine is equivalent 
to 0.01 per cent sulfite as SO,). 


Sec. 10C—Heavy Metals 
10C.1—Reagents: 


(a) concentrated hydrochloric acid 

(b) ammonium hydroxide, 10 per 
cent 

(c) 0.100N hydrochloric acid 

(d) hydrogen sulfide, saturated so- 
lution 

(e) lead nitrate, cp. 

10C.2. Procedure. Treat 2 g. of 
sample that has been previously dried 
for two hours at 105°C., or until a 
constant weight is reached, in a plati- 
num dish with 10 ml. of concentrated 
hydrochloric acid and evaporate to dry- 
ness. Repeat with another 10 ml. of 
concentrated hydrochloric acid. Warm 
the residue with a few drops of hydro- 
chloric acid and dilute to 40 ml. Neu- 
tralize 20 ml. of this solution with 10 
per cent ammonium hydroxide. Add 
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1 ml. of 0.100N hydrochloric acid and 
10 ml. of a freshly prepared saturated 
solution of hydrogen sulfide in dis- 
tilled water. Any brown color pro- 
duced should not be greater than that 
produced by 0.03 mg. of lead in an 
equal volume of distilled water con- 
taining the same quantities of the same 
reagents used in the test (this is equiv- 
alent to 0.003 per cent heavy metals 
as Pb). 


Sec. 110—Iron 


11C.1—Reagents: 

(a) concentrated hydrochloric acid 

(b) ammonium thiocyanate, 8 per 
cent 

(c) ferric ammonium sulfate, cp. 

11C.2. Procedure. Dilute 2.5 ml. of 
the remaining 20 ml. of the solution 
prepared for the lead test (Sec. 10C.2) 
to 20 ml. with distilled water. Add 2 
ml. of concentrated hydrochloric acid, 
filter if necessary and add 3 ml. of & 
per cent aqueous solution of ammonium 
thiocyanate. Any red color produced 
should be less than that produced by 
0.03 mg. of iron (equivalent to 0.07 
per cent iron as Fe,O,). 


Sec. 12C—Limitations on Impurities 


The following limits should be placed 
on impurities in sodium fluoride ; 

Limit 
per cent 
0.50 
0.50 
0.20 
0.25 
0.35 
0.01 
0.003 
0.07 
3.12 


Impurity 


Insoluble matter 
Moisture 

Free acid (as HF) 

Free alkali (as Na,CO,) 
Fluosilicate (as Na,SiF, ) 
Sulfite (as SO,) 

Heavy metals (as Pb) 
Iron (as Fe,O, ) 

Other 
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TABLE 1—Persons per Household, 1890-1960 


Households 


Annual Increase Over Preceding Date 


Number | 


1890 (June 1) | 12,690,152 

1900 (June 1) | 15,963,965 327,381 
1910 (Apr. 15) 20,255,555 434,371 
1920 (Jan. 1) 24,351,676 | 418,398 
1930 (Apr. 1) 29,904,663 $41,755 
1940 (Apr. 1) 34,948,666 504,400 
1941 (July 1) 35,850,000 721,000 
1942 (July 1) 36,450,000 600,000 
1943 (July 1) 36,875,000 425,000 
1944 (July 1) 37,100,000 225,000 
1945 (July 1) 37,500,000 400,000 
1946 (June 15) 38,183,000 711,000 
1947 (Apr. 15) 39,138,000 1,151,000 
1955 (July 1) 42,925,000 461,000 
1960 (July 1) | 44,775,000 370,000 | 


* Obtained by dividing total population by number of households (members of armed forces excluded 1941 
to 1947); hence not strictly average size of household because about 2.5 per cent of total population are members 
of quasi households (hotels, institutions, etc.). 


TABLE 2-—Regional Variation in Household Population, 1940 


Number of Households, 1940 


New England | 
Middle Atlantic 
East North Central 
West North Central 1,732,720 
South Atlantic 1,854,260 
East South Central! 867,020 
West South Central 1,449,160 1,195,540 
Mountain §13,740 . | 270,980 
Pacific 2,057,360 7 346,520 
United States ' 20,735,200 7,211,120 7,142,520 


* Obtained by dividing total population by number of households; hence not strictly average size of household 
because about 2.5 per cent of total population are members of quasi households (hotels, institutions, etc.). 


Statistics on Population of Households 


Estimates of residential water consumption often assume an average of 4 persons per 
family (or “household”). Table 1, however, shows that, in the United States as a whole, 
this figure has been decreasing since 1890. The current figure is probably below 3.60 and 
is expected to fall to 3.43 by 1960. Consideration should also be given to Table 2 (for 
1940), which shows that the average varies for different sections of the country. These 
tables are taken from data on pp. 46-48, Statistical Abstract of the United States, 1948 (U.S. 
Dept. of Commerce), which defines “household” as comprising the occupants of a dwelling 
unit (a house, apartment or room constituting “separate living quarters”). 


| 

4.93 

4.76 

4.54 

4.34 

4.11 

3.67 

3.59 

3.46 
3.41 
3. 

a 3.63 
349 

Region | Rural | Households os 

3.8 
3.6 
3.6 
4.1 
3.8 
3.7 
4 3.2 

3.8 
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Fire Prevention Week, which this year runs from October 8 through 
October 14, is a wonderful time for water works men to blow their own fire 
protection horn in cooperating with the fire department to ask for preven- 
tion. Fire prevention, after all, is a direct means of water conservation. 

Fires have, of course, been extinguished without water. Even as far 
back as 1444, a fire in St. Paul’s Cathedral during a London water shortage 
saw the bucket brigade dipping into barrels of vinegar for the juice of 
extinguishment. And today with even better chemical extinguishers, there 
should be even less dependence upon water. Yet the trend seems just the 
opposite. It was just the other day, as a matter of fact, that we heard of 
the extension of the use of water as an extinguishing agent to the fighting 
of forest fires. No small experiment either, the splash was put on a 
12,000-acre blaze near Perris, Calif., when one of the local rainmakers 
induced a passing cloud to part with almost an inch of rain during the 40 
minutes that it hovered over the area. Quick success with dry ice after 
six futile days of traditional fighting sent the pilot winging down to Santa 
‘Margarita, east of which a larger scorcher was roaring on unchecked. 

No matter how far or fast water works though, it is only prevention 
that can eliminate the immeasurable death and destruction caused by fire. 
The National Fire Protection Association says: “Make Every Week Fire 
Prevention Week!” O.K., we'll be a wet blanket. 


Speaking of rainmaking, though, reminds us to introduce a new entry 
into the field—one Donald S. Johnston, who hails from Regina, Sask., and 
is a reigning favorite with his farmer customers throughout the provinces 
of Alberta and Saskatchewan. A “professional moisture manufacturer,” 
this Canadian Don John does it all with the “universcope,” a little gadget 
of his own design made of two magnets pivoted one on the other to sway 
back and forth like a metronome. 

Unlike the experts who claim weather depends upon the sun and who 
are inclined to scoff at his contraption, Johnston swears by the moon and 

(Continued on page 2) 
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(Continued from page 1) 

claims his magnets “produce electric-magnetic forces which draw electrical 
powers from the moon, causing the moisture in the air to condense and fall 
as rain.” Doing all this as well as coaxing moisture-bearing clouds from 
the Pacific Ocean or the Gulf of Mexico, again depending upon the position 
of the moon, Don’s 16-inch high version of Aladdin’s lamp has been a bank 
account, if not a wish, fulfiller. Having had his share of special assign- 
ments, such as that of filling a summer resort lake during a drought and 
of taking a vacation during a Western rodeo, he has a steady job wetting 
down the parched prairie fields of his farmer followers. 

Meanwhile, New York City’s version of universcopy has been voted a 
sopping success. Too much so in the estimation of some New Jersey 
farmers and of many resort owners, but happily so to harried water works 
men, who found their reservoirs rising in times of normal decline. At any 
rate, the long overmodest Dr. Wallace E. Howell, a “professional” too, has 
finally owned up to causing at least a drizzle, which, all legal considera- 
tions aside, would undoubtedly be spelled : d-e-l-u-g-e. 

These days, it seems, water's where you make it 


New personnel of the Joint Research Committee on Boiler Feedwater 
Studies include S. F. Whirl as chairman, R. W. Seniff of the B&O Rail- 
road Co. and FE. P. Partridge of Hal Laboratories as vice-chairman, and 
R. C. Ulmer as secretary. Subcommittee chairmen are ]. W. Ryznar of 
National Aluminate Corp. for corrosion, R. C. Bardwell of the Chesapeake 
& Ohio Ry. for deposits and W. L. Webb of American Gas & Electric 
Service Co. for steam contamination. Among the committee's accomplish- 
ments during 1949 was the presentation, at various meetings of A.S.M.E. 
and other organizations, of a series of thirteen papers on various aspects 


of boiler feedwater problems 


James T. Potter has been appointed representative for Graver Water 
Conditioning Co. in the Carolinas, with headquarters at 1521 Stanford 
Place, Charlotte, Nuc 

(Continued on page 4) 


Why use methyl orange indicator for total alkalinity? 


Cooper's indicator, changing color at the same pH gives a practi- 
cally colorless end-point and 8 ounces of solution, enough for 1500 
2000 determinations, is only $1.75 plus postage. What are you 
paying for versenate hardness indicator? Drop us a card for 
quotations. Other solutions and chemicals for the water works 
laboratory. 

Ohio Research & Testing Laboratories 


1655 Broadieigh Road 
Columbus 8, Ohio 
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1879—ROSS-1879 


ALTITUDE VALVE 


1. Single Acting 
2. Double Acting 


regardless 
of change 
in 


rate of flow 
REDUCING VALVE 


Regulates pressure in gravity 
and pump ; between reser- 
voirs and zones of different pres- 
sures, etc. 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 

2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 

vatvs tion. 


Packing Replacements for all Ross Valves Through Top of Valve 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N. Y. 


| 
3 
Controls Maintains 
REMOTE CONTROL VALVE 
= for use as primary or : 
secon control on any of the 
- hydraulically controlled or operated | 
| 


PERCOLATION AND RUNOFF Vol. 42, No.9 


(Continued from page 2) 


Want to know something? There are a couple of new organizations 
which can help you—especially if you're located in New York or Chicago. 
In New York, it’s “Facts on Dial”; in Chicago, it’s the Research Informa- 
tion Service of the John Crerar Library. One started with an idea, the 
other with a library; now both have both and both are willing to tell you 
a thing or two—1illion. 

Facts on Dial was really started by a guy named A. G. Bell some time 
ago, but it wasn’t until after the war, after some AT&T improvements and 
alter some observation of a similar service in Paris, that some local genii 
opened their own switchboard for business here in New York. Now for 
a dollar-a-month individual subscription or for a ten-dollar-a-month com- 
pany subscription, you can dial MUrray Hill 6-7800 and ask questions 
till you’re blue in the face—and get answers too, until you're green again. 
Answers that take more than a few seconds or minutes to find are called 
back to the subscriber, and those that require any great deal of outside 
research are handled separately on special order at a separate charge based 
on the size of the project. But for your subscription price practically any 
fact that has been established is yours for the asking. 

Having thrived on answering such personal puzzlers as “What’s the 
income tax in Upper Tanganyika?” and such corporate queries as “How 
many zlotys should we pay for a pound of zaffer?’” FOD has now opened 
a new branch initialed INFO to undertake original research of any kind 
for any one who wants it. And next step may well be the opening of a 
special children’s department to take care of answering not only the ordi- 
nary “Why's,” but the often embarrassing bird and bee business. 

In Chicago, meanwhile, the approach has been quite different. Begin- 
ning operations back in 1894, the John Crerar Library didn’t undertake its 
information service until some 53 years later when its collection had grown 
to some 700,000 books and when it was regularly receiving approximately 
15,000 periodicals, all devoted exclusively to science and technology. Then 
it added some well qualified researchers to its staff and went into action as 
a “special Abrary research service available to industry and business.” Un- 
like FOD, which is an openly commercial proposition, RIS (Research 
Information Service) has the strictly nonprofit motive of “avoiding dupli- 
cation in research, stimulating new lines of investigation, releasing research 
personnel for laboratory work and development of new products and assist- 
ing investigators who are preparing material for publication. Thus, wher- 
ever you are—'‘‘from New England to California’—and whatever you want 
to know—that can be considered science or technology—RIS will get it 
for you, not just wholesale, but at actual cost. And lest you're worried 
about the limitations of subject matter, be advised that one recent satisfied 
customer was a leg makeup manufacturer who wanted to know how many 


(Continued on page 6) 
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CONDITION WATER... 
LESS TIME 


CHEMICA 


Permutit’s Precipitator not only 
saves time and chemicals, but also 
requires 50% less space than any 
previous design of reaction and 
settling tank. It efficiently removes 
these impurities from water: tur- 
bidity, silica, hardness, taste, color, 
odor, alkalinity and fluorides. 
Operation is based upon the 
Permutit Sludge Blanket Principle 
of upward filtration. This means an 
absence of settling and the com- 


plete utilization of the suspended 
sludge. 

For complete details on the many 
other advantages of the Permutit 
Precipitator, write to The Permutit 
Company, Dept. JA-9, 330 West 
42nd Street, New York 18, N. Y, 
or the Permutit Company of Can- 
ada, Led., Montreal. 


Permutit 


35 YEARS WATER CONDITIONING HEADQUARTERS 


FOR 
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(Continued from page 4) 


blondes and how many brunettes there were in the U.S. and is reputed to 
have received not only an exact answer, but one which gave a breakdown 
of blondes into “honest” and “synthetic.” The first part of the answer 
we know came from a book on genes, the second, undoubtedly, from one 
on janes, psychology of. 

Now all this isn’t intended to run A.W.W.A. itself out of the question- 
answering business—especially on the subject of zlotys and janes. But for 
him who phoned last Friday afternoon at 4:55 to ask: “Can you give me 
some information about water?” or even for him who wrote “Please send 
me a reference list of articles on pipe,” FOD and RIS may be just the 
thing, especially if the price is right. 


A. C. Janzig has been appointed superintendent of water treatment in 
charge of the Fridley Softening Plant and the Fridley and Columbia Heights 
Filtration Plants of the Minneapolis, Minn., Water Works Dept. A former 
chairman of the Minnesota Section, Janzig has been with the department for 
the past 29 years, having previously served with the Minnesota Dept. of 
Health. In his present capacity he succeeds Arthur F. Mellen, who has 


retired. 
(Continued on page 8) 


CYANAMID sulfate of alumina 


assures Removal of Suspended Impurities 
MAXIMUM Freedom from Caking 


pH Range of Floe Formation 


plus much wider than other coagulants 
PAINTPA PA ) Corrosion of Equipment 


|  —much less than other coagulants 


...and NO clogging of dry feed machines 
Write for full information 


AMERICAN Cyanamid COMPANY 


INDUSTRIAL CHEMICALS DIVISION 


30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
Soles Offices in Principal Cities 
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Many are the reasons why Smith hydrants 
are used by Americas leading cities ! 


Capitol Building, 
ash., D.C, 


New York — Philadelphia — Washington — Balti- 
more—St. Louis—Providence and scores of other 
cities throughout the nation use SMITH hydrants 
—and not without good reason. A few of these 
reasons can easily be seen upon inspection of the 
hydrant section shown at the left. 


1 Working parts easily removed from top. 

2 Frangible couplings for collision protectica. 

3 Maximum flow due to large stand pipe areas, 

4 Tapered, frost-proof barrel 

5 Compression-type valve. 
Positive action drain—always closed when main valve is 
open. 

31 
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The Seabees, famed Naval construction battalions of World War II, 
are offering petty officer ratings to skilled construction men who join the 
Seabee Volunteer Reserve. The seven ratings available cover about 60 
civilian skills, and are called: Builder, Mechanic, Steelworker, Utilities 
Man, Construction Electrician, Driver and Surveyor. Approximately 
70,000 men are wanted to bring the reserve up to the number considered 
essential as a nucleus if full-scale war should come. Men 26 to 44 years 
old (or more, for veterans) are eligible. Volunteers will be placed on 
inactive duty, with no drills or required meetings, but may be called to 
active duty when required. Application may be made through any Naval 
Recruiting Station or reserve construction battalion unit. 


What goes up must come down, but sometimes it needs a little 
coaxing. At least that’s what Charlie Alfke, Exec. Vice-Pres., Hacken- 
sack (N.J.) Water Co., found one day last month while doing some minor 
excavation on that part of his watershed owned by the Arcola Country 
Club. Actually, the shot heard—or, at least, heard of—round Bergen 
County was the second one on the 12th, where Charlie took a vicious swipe 
at a ball in the rough and hit it hard, but straight at the biggest tree in 
sight. The ball struck and stuck and it was he in the foursome with the 
biggest imagination who finally spied it on high. Then, following a lengthy 
discussion of rules, it was decided to permit Charlie to throw a club up to 
dislodge the ball, charging him only a one-stroke penalty. Only trouble 
was the club stuck too, and it took two more clubs to bring down both the 
first one and the ball. By that time the scoring problem was a little confoo, 
so the match byed the next 6} holes and took up the question on the 19th. 
There it was that reporter Ken Wallace of the Bergen Evening Record 
managed to interpret the hilarity enough to prepare a full column writeup. 
And now they're calling Alfke an unplayable lier—.e., the player of an 
unplayable lie. Anyway, the tree was nondeciduous. 


(Continued on page 10) 


SUBMERGED PIPE LINE 
CONSTRUCTION 


BOYCE COMPANY 


Phone 3-2530 Clearwater, Fla. 
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HELLIGE 


For WATER LABORATORIES 


FIRST ROW Left and Center: Hellige Pocket Comparator and Aqua Tester 
employing Non-Fading Glass Color Standards for pH control and all popular water tests. 
Right: The Hellige Turbidimeter “Without Standards’’, for turbidity measurements 
and sulfate determinations. 

LOWER ROW Left: Hellige pH-Meter — Versatile and precise to 0.05 or 0.0! 
pH, these self-contained meters can be used anywhere. Right: Hellige-Diller Photo- 


electric Colorimeter. 


The special features of precision, durability, and maximum working 
convenience have given Hellige instruments their unparalleled position 
as the leading apparatus for water analyses. Tried and proved, they 
are relied upon by the chemist and scientist in the field as well as in 
the laboratory. 


Write for Catalog Set 602-WD 


HELLIGE, Inc. tone tstano 1, 
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“Hold That Headline” sounds seasonal, but it isn't meant to be. It 
is, aS a matter of fact, a plea that could stand year-round heeding by just 
about every newspaper we've ever read. Bad enough normally, now that 
there’s a war on, headlines have become so inscrutable we've even given 
up glancing over shoulders on the subway. About the only “flash” we've 
been able to believe in months, really, is the three-inch red one that screamed 
across the top of the New York Journal-American’s front page the other 
day: “MACARTHUR CONFIDENT.” That really was a scoop! 

But what got us going on this subject was a story in the July 21 issue 
of the Louisville, Ky., Courier-Journal, reporting that the Louisville Water 
Company was about to pay off its last bonded indebtedness, a 40-year issue 
callable August 1 on which $404,000 remained to be paid. Indicating that 
the company had been operating entirely on pay-as-you-go policy recently, 
the Courier pointed out that “improvements costing more than $3,000,000 
have been paid for from current income in the last three years.” The head- 
line over this tale of good management and sound financial standing: 
“WATER FIRM FINALLY TO GET OUT OF THE RED.” And 
the first paragraph of the story—from which the headline was undoubtedly 
written—was no great improvement: “The Louisville Water Company 
will be out of debt for the first time in its 96-year history on August 1.” 

Your safest bet these days is to find out what it says there in fine print. 


A new power machine known as the “SeweRoder” has been devel- 
oped by Flexible Sewer-Rod Equipment Co., Los Angeles, and is claimed 
to effect significant economies by performing mechanically all the operations 
of rodding a sewer. Speeds of up to 100 fpm. are possible, with an accu- 
rate footage meter keeping track of the location of the tool in the line. 
Rods reel in an out of an enclosed container automatically, leaving no 
exposed rod on the street, and requiring a space of only 12 ft. back of the 
manhole for equipment 


(Continued on page 12) 


Survival and Retirement 

Experience With Water Werk Filter Sand and Gravel 
Facilities 

Containing vital information on the actual GRADED TO ANY SPECIFICATION. 

life of mains, valves, meters, services and PROMPT SHIPMENT IN BULK 

other facilities in 26 cities, together with 56 OR IN BAGS OF 100 LB. EACH. 

pages of summary tables that condense the 

data for easier interpretation. Inquiries Solicited 


WELL WASHED AND CAREFULLY 


576 pages $3.00 


American Water Works Association 
500 Fifth Avenue New York 18, N.Y. 


Northern Gravel Co. 
P. O. Box 307, Muscatine, lowa 
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... for automatic pH control 


Belt Gravimetric Feeders 
* Loss-in-Weight Gravimetric 
Feeders * Universal Feeders 
* Rotolock Feeders * Lime 
Slakers * Loboratory Stirrers 
* Precision Solution Feeders 
* Disc Feeders * Rotodip 
Solution Feeders * Dust Col- 
lectors * Chemical Elevators 


Make it an OMEGA system and simplify your pH control 
problem. This is the ‘last word” in automatic control systems 
— a dependable OMEGA Universal Feeder provides a con- 
tinuous supply of constant strength alkali suspension which is 
pumped to a recirculating proportioning weir tank. A pH 
controller automatically positions the weir which diverts the 
correct amount of alkali to the process in sensitive response 
to pH demand. For detailed information on the right units for 
chemical feeding, pumping, metering, and control, address 
OMEGA MACHINE COMPANY (Division of Builders tron 
Foundry), 365 Harris Avenue, Providence 
1, Rhode Island. 
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(Continued from page 10) 


Disillusionment was dished out to Cape Codders the other day 
when U.S. Geological Survey engineers told them the hydrologic facts of 
life, explaining that it was rain and snow which provided their ground 
water supply. Thus was lost Cape Cod’s “Lost River” which was supposed 
to flow underground and underwater from Lake Winnipesaukee in New 
Hampshire to supply the Cape’s water table. Strange thing about the old 
New England legend which lost the river in the first place was the fact 
that it told exactly where it was lost—..e., “after flowing out of the lake 
near Wolfeboro, the river flows southeastward through New Hampshire to 
Portsmouth, where it goes out to sea a short distance. From there it fol- 
lows a course southwestward into Massachusetts to just southeast of 
But you 


Lowell, thence to Waltham, where it swings southeast of. 
see what we mean. And you see also, we think, why we doubt that any 
stanch New Englander worthy of the name is going to let any “Washington 
bureaucrat” monkey with his traditions in such fashion. 

Just why the story itself rated a three-page single-spaced release, an 
Associated Press story and now this item, here, we're not quite sure, but, 
then, we can go along with a gag as long as it has water in it. 


(Continued on page 14) 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 


oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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Way back in 1907 and again in 1926 National successfully cleaned the 
water mains of Washington, D. C. 

In 1945 a five year program to clean and recondition the entire water 
main system of Washington was begun and National in conjunction with 
the Centriline Corporation was again awarded the cleaning contract for 
1945, 1946, 1947, 1948 and 1949 — in short, the entire cleaning job! 

Tests made on those lines already cleaned and centrilined indicate a 
co-efficient of over 130 as against less than 90 before cleaning, resulting 
in lower pumping costs, increased volume and higher pressure. 

Let us estimate the cost of restoring your lines to at least 95% of their 
original carrying capacity. Write today. 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street, New York 7, N.Y. 


ATLANTA, GA., 333 Candler Bidg. & P. O. Box 9—Station E @ BOSTON, 115 
Peterboro St. @ CHICAGO, Room 1336, S. Michigan Ave. e KANSAS CITY, MO., 406 Mer- 
chandise Mart, 2201 Grand Ave. @ LOS ANGELES, 448 S. Hill Street @ LITTLE FALLS, 
N. J., Box 91 @ OMAHA, 3812 Casteilar Street @ RICHMOND, 210 East Franklin Street 
@ SPRINGFIELD, MO., 1301 Prospect Ave. @ SALT LAKE CITY, 149-151 W. Second So. 
Street @ SAN FRANCISCO, 681 Market St. @ SIGNAL MT., TENN., 204 Slayton Street @ 
FLAN DREAJ, S. D., 315 No. Crescent St. e MONTREAL, 2028 Union Ave. e VANCOUVER, 
B. C., 505 West Ist Avenue @ WACO, P. O. Box 887 @ WINNIPEG, 576 Wall St. @ 
HAVANA @ SAN JUAN, PUERTO RICO @ BOGOTA @ CARACAS @ MEXICO CITY. 
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(Continued from page 12) 

L. A. Marshall, superintendent of filtration for the Cleveland, Ohio, 
Div. of Water and Heat, died on July 21 at the age of 57. He began his 
service with the city in the laboratory of Division Filter Plant in 1913, 
and advanced to the post of superintendent of the plant. In 1939 he be- 
came superintendent of filtration and supervised the work at Baldwin and 
Division Filtration Plants. He conducted many investigations on the use 
of activated carbon for the removal of tastes and odors, and was responsible 
for a number of papers on this subject. 


John R. Rhinehart, mechanical engineer with Belco Industrial Equip- 
ment Div. of Bogue Electric Co., has been appointed vice-president in 
charge of engineering and development. Also advanced to vice-president 
is Robert S. Herwig, formerly manager of technical sales. In his new 
capacity he will supervise production of the division. 


Construction of a new plant—the first to produce centrifugally cast 
iron pipe on the Pacific Coast—has been scheduled by U.S. Pipe & Foundry 
Co. A 70-acre plant site in Decoto, Alameda County, Calif., has been pro- 
cured and the construction schedule calls for completion in the second half 
of 1951. The $2,500,000 plant is designed to produce pipe in the 4- to 
12-in. size range, utilizing metal molds. 


A new line of small general service pumps has been especially designed 
by De Laval Steam Turbine Co. to simplify pump maintenance. Since all 
parts except the pump casing are contained in the rotor assembly, it is 
possible to remove the standardized rotor unit and replace it with a new 
one, returning the old one to the factory for service or exchange. Simple 
mechanical seals which replace stuffing boxes and prelubricated bearings in 
both pump and motor are said to help make the new GS type pump as 
maintenance-free as possible. Capacities range to 450 gpm., heads to 
230 ft. 


(Continued on page 16) 


Manual of British Water Supply Practice 
Compiled by the Institution of Water Engineers, London 
The essence of the water supply art, as practiced in Great 
Britain, is well documented in this 900-page compilation. 
Generously supplied with illustrations and reference lists. 
Price $7.50 
Distributed in U.S. by 
American Water Works Association, Inc. 
500 Fifth Avenue New York 18, N.Y. 
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OFFERS ALL OF THIS 


@ Layne—and Layne alone is in a posi- 
tion to offer nearly three quarters of a 
century of world-wide experience in the 
designing and building of municipal, in- 
dustrial and irrigation Well Water Sys- 
tems. 


@ Layne-——and Layne alone can offer all 
services from the original exploration to 
the designing of the systems, drilling the 
wells, building and installing the pumps— 
and final delivery with a dependable 
guarantee of performance. 

@ And again it is Layne and Layne alone 
who can offer the services of eleven stra- 
tegically located Associated Companies, 


each of which is widely experienced and 
fully capable of —and has made installa- 
tions of all sizes. 


@ It is Layne and Layne alone who can 
offer evidence of outstanding skill and 
success by pointing to thousands of instal- 
lations made throughout the United States, 
Canada, Mexico, Europe and the South 
American countries. 


@ Such experience and skill adds up to a 
splendid recommendation for all who are 
contemplating the installation of a Well 
Water System. For catalogs, bulletins, 
etc., address 


LAYNE & BOWLER, INC. GENERAL OFFICES, MEMPHIS 8, TENN. 


LAYNE 
WELL WATER SYSTEMS 


VERTICAL PUMPS 
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(Continued from page 14) 

Shocking, in every sense of the word, are the activities of Henry T. 
Burkey, inventor of the electric fish screen and president of the company 
thereafter named. Having made his first splash in the water works field 
by giving fish an electronic hotfoot, Burkey has now devised a method of 
driving mussels to suicide and shocking barnacles into starving to death. 
The object of this perniciousness to Piscis, this cruelty to Crustacea—simply 
to keep from where they don't belong the things that don’t belong there. 

sy now the electric fish screen is well known to water workers as a 
gadget to keep fish out of intakes and irrigation ditches and, generally, to 


fence off fish-forbidden areas. The screen itself is an electrified zone of 
water created by the use of an electronic pulse gen: -ator and two systems 
of electrodes, the live one being suspended to make sort of a swinging door 
through which fish won't push because the charge is too high. The new 
device is merely an adaptation of the old, using the same basic apparatus to 
electrify the water around intake tunnels and circulating water systems 


subject to fouling by mussels, barnacles and other crustaceans. Not strong 
enough to kill and cook the sea food, the impulses are just potent enough 
to cause bivalves to clam up within their shells and kill themselves of star- 
vation or inability to eliminate wastes, and just potent enough, too, to 
paralyze the tiny feelers by which single-shelled barnacles and their cousins 
obtain food, thus also to starve them into ex-existence 

The act of these impulses is said to be much less mean than it sounds. 
Especially is this true of the fish screen, which neither stuns nor hurts, but 
merely repulses the fish in much the same way as the girl in the Lifebuoy ads 
keeps men in their place. As for the new device, which may in the mari- 
time field become known as the “Barnaclear,” its inventor (or somebody 
else) has assured us that that death has no sting. All the same, if we were 
Mr. Burkey, we would steer quite clear of swimming, much as we might 


have in common with the electric eel 


Grant A. Colton, assistant manager of Golden-Anderson Valve Spe- 
cialty Co, since 1934, has been elected vice-president and general manager. 


Infilco, Inc., has relocated its general offices and its research, develop- 
ment and engineering divisions in Tucson, Ariz. Until a new building is 
completed, the company will be at 2750 S. 12th Ave. in that city. Manu- 
facturing, chemical laboratories, advertising and some phases of engineer- 
ing will remain at the present Chicago plant, utilizing the vacated space for 
expansion 


Klenzade Products, Inc., of Beloit, Wis., has acquired a new office 
building adjacent to its present factory location. The old quarters will 
be used for expanded production and warehousing. 


(Continued on page 18) 


i 
= 
a 
A 
4 an 
> 


Sept. 1950 JOURNAL A.W.W.A. 17 


Specify INFILCO Equipment Throughout 
For Municipal Water Treating Plants! 


Pa has specialized for more than 
fifty years in the design and manufacture 
of all types of equipment for municipal water 
conditioning plants—softening and filter plant 
equipment, recarbonators, chemical feeders 
and proportioners, gauges, hydraulic cof- 


engineer or his client. It is, of course, in- 
tended that this service shall cooperate with 
the work of your engineers. 

The map at the right graphically illustrates 
the large, fast-growing number of municipal 
water conditioning plants from coast-to-coast, 
using INFILCO Equipment. Consult your 
telephone Red Book. Call in our nearest field 
engineer or write today for Bulletin No. 60-C. 


trols, etc. By providing a complete range of ° in i 
water conditioning equipment, Infilco offers 
the user the important advantage of undivided 
responsibility! 
A complete laboratory and a staff of competent 
engineers are available for making recom- 425 
mendations and reports to the consulting 


BETTER WATER CONDITIONING 
AND WASTE TREATMENT SINCE 


WASTE TREATING EQUIPMENT 
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WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND 
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(Continued from page 16) 


A new rigid plastic pipe—Carlon “L”—is shown demonstrating its 
sturdiness while a truck backs over it. The procedure is not a new 
method of backfill tamping, nor does Carter Products Corp., the 
manufacturer, recommend it as a general practice. The pipe does, 
however, feature a tensile strength of 5,100 psi. and a bursting pres- 
sure of 900 psi. for the 2}-in. size. 


Walter M. Brown is retiring after nearly 25 years of service with the 
Long Beach, Calif., Water Dept., most of it as office engineer. 


(Continued on page 20) 


Uniformity brings you 


SPRING VALLEY NEW YORK 
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(Continued from page 18) 


A new pump testing laboratory has been completed at the Indianapo- 
lis Works of Peerless Pump Div., Food Machinery & Chemical Corp. 
Test pits for vertical and horizontal pumps are part of the installation, and 
the largest one can test pumps of up to 86,000 gpm. capacity. Venturi 
meters and mercury manometers combine to yield maximum accuracy of 
testing. The laboratory covers over 7,000 sq.ft. (see interior view, above ) 
and eost over a quarter of a million dollars. 


Automatic control of pump operation by the combined pressure and 
flow control methods outlined by Marsden Smith in a recent JOURNAL 
paper (December 1948, Vol. 40, p. 1259) is now available in the form of 
a “Pressureflo” control unit made by Builders-Providence, Inc. Among 


the advantages claimed for the device are maximum efficiency of pumping, 


reduced maintenance costs, fully automatic operation and reduction in 
installation and operation costs of elevated tanks 


(Continued on page 22) 


when you consider CATHODIC PROTECTION 
look to E.R.P.’s facilities 


- top-notch research engineers and development facilities 

- @ skilled engineering and design staff 

- trained tield engineers for special surveys 

- first line equipment—Dow. Alcoa. Federal. Westinghouse. GE. and others 
specialized service and installation crews conveniently located to give prompt 
service 


At ERP. your corrosion problems get the individual attention necessary for successful 
solution. There's no obligation Write today 


ELECTRO RUST-PROOFING CORP.,(N. J.) 


SELLEVILLE © NEW JERSEY REPRESENTED Im PRINCIPAL CITIES 
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STAR PERFORMERS 
ACROSS THE NATION 


I. show business only the best get star billing. 
It takes years of outstanding performances 
to win public acclaim, 


Bookings in Water Departments everywhere 
tell a story of star performance by 
HYDRO.TITE and FIBREX .. . Joints that don’t 
leak .. . that are bacteria-free, 


HYDRO.TITE, with over 35 years of dependable 
service, is the easy-melting, self-sealing 
compound for bell and spigot joints. Comes 

in powder, packed in 100 Ib. moisture-proof 
bogs — and in solid LITTLEPIGS in handy 

50 Ib. cartons. 1/5 the cost of lead! 


FIBREX, the chemically treated, bacteria-free, 
joint packing . . . comes in 3/8”, 1/2”, 5/8” 


sizes in 60 Ib. reels. 1/2 the cost of 


braided jute! 1/4 the cost of rubber! 


Let these stars perform for you. 


Free working samples on request. 


HYORO-TITE end FIBREX IN STOCK IN 


Seattle, Wash 
Memphis, Tenn 
Orlende, Fle 

Boston, Mow 


~ HYDRAULIC DEVELOPMENT CORP. 


MAIN SALES OFFICE 50 CHURCH ST., N.Y.C. 
General offices and works W. Medford Sta., Boston, Mass. 
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(Continued from page 20) 


A power take-off for vehicle engines which eliminates the need for a 
V -belt drive has been announced by Mobile Power, Inc., Box 997, Lansing, 
Mich. Known as the Tangen, the unit is connected to the transmission 
without, it is claimed, affecting the driving mechanism. Its speed is gov- 
erned by that of the crankshaft, without regard to the transmission range, 
and delivery of 98 per cent of engine torque from the main drive gear is 
promised. 


A portable vapor steam generator which is designed to develop 200 
psi. of steam in two minutes from cold water has been produced by Vapor 
Heating Corp., 80 E. Jackson Blvd., Chicago 4, Ill. Steam production is 
over 3,500 psi. at 75 to 300 psi. working steam pressure. Heating is accom- 
plished by a forced draft fuel-oil fire, the hot gases from which wipe over a 
575-it. steel coil. In addition, efficiency is increased by the use of an 
economizer coil in the exhaust system. 


Edison C. Sickman, formerly district sales manager for Atlas Mineral 
Products Co. at Baltimore, Md., has been appointed general sales 


coordinator. 


(Continued on page 82) 


For all types of Remote Valve Operation 


LIMITORQUE 


eliminates guess-work 
“*Push-button”’ operation of 
valves, with valve status 
indicated on control pan- 
els is the simplest. surest 
and safest method of open- 
ing and closing valves. 
Where valves are inac- 
ceasibly located, or where 
emergency may require 
positive operation from a 
remote area... the best 
solution is LimiTorque. 
Damage to stem, seat, 
disc, gate or plug is pre- 
vented in closing by the 
Torque Seating Switch 
which limits the torque 
and shuts off the motor 
LimiTorque is widely used in Weter Works before trouble occurs. 

Can be actuated by any 

Did ' LADE LPH 1A GEAR WOR KS, 1 nc. available power source. 


May be obtained through 


ERIE AVENUE and G STREET, PHILADELPHIA 34, PA, May be obtained through 
NEW YORK PITTEBURGH CHICAGO * HOUSTON 

Vrite tor catalog on your 
ln Canede: William and J. G. Greey, Limited, Toronto Business Letterhead, please 
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WABASH DOUBLE.-LID 
COVERS 


for MAXIMUM 
PROTECTION trom frost 


The Wabash Cover was designed to provide 
the utmost in frost protection for pit water 
meters. Two lids, with a 4” dead air space 
between, add extra insulation. Notice also, 
the extra depth and the sloping skirt that 
help hold heat loss to a minimum. 


Top lid is inset and locked with the patented 
Ford Lifter Worm Lock. There is no finer 
meter setting protection. 


tains full 
tien. FREE. Send 
tedey 


FOR BETTER WATER SERVICES ® 


Menufactured by THE FORD METER BOX COMPANY, INC. 
Wabash, Indiana 
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Decatur Adds Third Elevated Tank 


The City of Decatur, Ala., increased its total elevated water storage 
capacity to 3,300,000 gals. by adding the 2,000,000-gal. Horton radial-cone 
bottom elevated tank shown above to its water distribution system. The 
new tank is 90 ft. to the bottom and is located in the southeast section 
of the water system. Write our nearest office for estimates on elevated 
tanks when planning water improvements. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON SALT LAKE CITY 
PHILADELPHIA NEW YORK DETROIT SEATTLE CLEVELAND 
SAN FRANCISCO HOUSTON ATLANTA HAVANA LOS ANGELES 
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Professional Seruices 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 
City Planning Reports 
Laboratory 


Philadelphia 7, Pa. 


Valuations 


121 S. Broad Sr. 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


Cuas. B. Burpice Lovuts R. Howson 
Donato H. 


ALVORD, BURDICK & HOWSON 


Engineers 
Water Works, Water Purification, Flood 
Relief, Sewerage, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


Civic Opera Building Chicago 6 


BLACK LABORATORIES, INC. 
Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS—-TREATMENT 
CONTROL— RESEARCH 


700 S. B. 3rd Se. Gainesville, Fla. 


A. W. W. A. 
Membership Certificate 
Membership certificate, x llin., suit- 
able for framing, 40¢. 

Submit name exactly as it should appear 
on certificate. 

American Water Works Association, Inc. 
500 Fifth Avenue New York 18, N. Y. 


CLINTON L. BOGERT 
ASSOCIATES 
Consulting Engineers 
Cunrron L. Bocrrr Ivan L. Boorrr 


J. M. M. Grete Roserr A. Lincotn 
Donato M. Arravurn P. Ackeaman 


Water and Sewage W orks 


Refuse Disposal Industrial Wastes 
Drainage Flood Control 


CARL A. BAYS & ‘ASSOCIATES 
Geologists —Engineers —-Geophysicists 
Industrial Consultants 


Office and Laboratory—-308 N. Orchard St. 
Mail Address—P.O. Box 189 
Urbana, Illinois 


624 Madison Avenue New York 22, N. Y. | 


BOWE, ALBERTSON 
& ASSOCIATES 


Engineers 


Sewerage—Sewage Treatment 
Water Supply — Purification 
Refuse Disposal— Analyses 

Valuations— RKeports— Designs 


110 Williams Se. 2082 K Highway 
New York 7, N.Y. Feinietl, Conn. 


A. S. BEHRMAN 


Chemical Consultant 


Water Treatment 
Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BUCK, SEIFERT AND JOST 


Consulting Engineers 
(Formerly Wicholas S. Hill Associates) 
Waren Disrosar— 
Develormu ents 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 B. 19th Se., New York 3, N. Y. 
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BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) | 


Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airportsa Municipal Engineering Supervision 


584 B. Broad St. Columbus 15, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


| 


Water Works, Light and Power. Sewerage, 
Reports, Designa, Appraisals, Rate 
Investiga tions 


Kansas City 2, Mo. 
P.O. Box 7088 


JAMES M. CAIRD 
Established 159% 
A. Bennerr 


Cleveland 14, Ohio 
1404 EB. 9h Se. 


Cc. 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 
Cannon Bidg. Troy, N. Y. 


E. Curron, H 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Demgn 
Supervision, Research, Development 


6 Beacon Se. Boston 8, Mass. 


| 

THE CHESTER ENGINEERS | 
Water Supply and Purification 
Sewerage Systerns. Sewage and 

Industrial Waste 

Power Development and Applications 

Investigations and Reports. 
Valuations and Rates 


210 B. Park Way at Sandusky 
PITTSBURGH 12, PA. 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply — Sewerage 
Flood Control & Drainage Bridges 
Ornamenta! Street Lighting 
Light & Power Plants 


$51 B. Ohio St. 


Treatment 


| 


Paving 
Appraisals 


Chicago 11 


"DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads High ways 
Grade 
cal Transportation 
Investigations — Reports— Appraisals 
Plans and Supervision of Construction 


150 N. 


NORMAN ELDRED 
Consulting Engineer 


Water Works, Softening and Filtration 

Plants. Municipal and Industrial Water 

Conditioning Equipment of All Types. 

Derigns, Plans, Specifications, Estimates, 
Reports, Supervision 


FAY, ‘SPOFFORD & THORNDIKE | 


Engineers 


Charlies E. Spofford Ralph W. Horne 
John Ayer William L. Hyland 
Bien A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 
Warsr Surety Drainage 
ano Sewace 


Investigations Reports Designs Valuations 
Supervision of Construction 


New York 


SPECIFICATIONS 
for Water Works Materials 
Compiled, approved and published by 
your Association to meet your needs. 


Send for list of publications. 


FINKBEINER, PETTIS & STROUT 


CaaLeron 5S. E. Perrm 
Haroto K. Srrour 


Consulting Engineers 
Reports, Designs, Supervision, 
Water whet Water Treatment, Sewerage. 
Se reatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FULBRIGHT LABORATORIES, Inc. 


Consultants 
Chemists and Chemicai Engineers 
Industrial Water and Waste 
Surveys 


Tel. 53-3726 
Charlome, N. C. 


26 
79 McAllister Se. 
Sen Francisco 2 
| : 
Vicksburg 3271 
500 Fifth Avenue New York 18, N.Y. 


Sept. 1950 


PROFESSION AL 


SERVICES 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 
Water Works—Sewe 
Industrial W astes—Garbage 
Roads— Airports— Bridges— Ficod 
Town Planning— Appraisals 
Investigations & Reports 


Harrisburg, Pa. 


(contd.) 


G. L. GEISINGER 


Consulting Engineer 
Water Works—— Treatment — Filtration 
Design 


Laboratory Analyse 


Seattle 99, Wash. 


4Operation-— Reports 


122 Elliott Ave., W. 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation Industrial Wastes 
Design, Construction, Operation and Management 
Reports and Valuations 
2314 Girard Trust Co. Bidg. 


Broad St. & S. Penn Square 
Philadelphia 2 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Reading, Pa. 
Houston 


Washington 
Philadelphia 


HITCHCOCK & EST. STABROOK, INC. 
Lester D. Lee, Associate 
Consultants to Municipalities since 1920 


Water, Sewerage. Paving, Power Plants, Airports, 
Public Buildings. Surveys and Appraisals 
521 Sexton Bidg. 
Minneapolis 15, Minn. 


241 Sheridan Rd. 
Menominee, Mich. 


IVAN M. GLACE 


Consulting Sanitary Engineer 


Water Supply and Purification 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Design, Construction & Supervision of 
Operation 
Laboratory Service 


1001 N. Front St. Harrisburg, Pa. 


GREELEY & HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 


Flood Control, Drainage. Refuse Disposal 


220 S. State Street, Chicago 4 


| 


+ 


HORNER & SHIFRIN 
Consulting Engineers 


W. W. Horner 
H. Shifrin 


8. W. Jens 
E. Blows 
V. C. Liseher 


Hydraulic Engineer 
Treatment— Munie 
-Reports 


St. Louis 3, Mo 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Eatablished 1888) 


Water Supply—Airporte 
ing — Sewerage Sewage 
pal Engineenng 


Inspection and Test at Point 
of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessorie 


---—--- 


HAVENS & EMERSON 
W. L. Havens Cc. 
A. A. Bonorr F.C. Torres F 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations — Laboratories 
Leader Bidg. Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 


A. 
W. Jonns 


_ THE JENNINGS- LAWRENCE CO. 
A. P. Harness, Jr. Cc. C. Walker 
F. L. Swiekard B. 1. Sheridan RK. L. Lawrence 
Civil & Municipal Engineers 
Consultants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reporte — Design Construction 


12 N. Third Sereet Columbus 15, Ohio 


| 
Seruices 
Scranton Pittsburgh, Pa. — 
: 
| 
; 
| | 
| 
175 W. Jackson Bivd. 
| Chicago 4, Ill. 
and Principal Mfg. Centers 
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JONES, HENRY & 
SCHOONMAKER 
(Formerly Jones & Henry: 

Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste 
Security Bidg. Toledo 4, Ohio 


MORRIS KNOWLES, INC. 


Engineers 


Water Supply and Purification, 
Sewerage and Sewage Disp mal 
Industrial Wastes, Valuations 


Laboratory. City Planning 


Park Building Pittsburgh 22, Pa. 


R. M. LEGGETTE 
Consulting Ground Water Geologist 


Water Supply Salt Water Problems 


Dewatenng Investigations 


Recharging Reports 


551 Fifth Avenue New York 17. N. Y. 


Roberto Meneses Hoyos & Co. 
Ground Water Engineers 


Water Supply Geophysics 


Test Drilling Flow Tests 
Esplorations Reports 


Reforma 12 


Valuations & Supervision 


Mexico City 


METCALF & EDDY 
Engineers 
Water, Sewage. Drainage. Refuse 
and Industrial Wastes Problems 


Airfields Valuations 


Laboratory 


111 Sutter Se. 


Statler Busiding 
Boston 16 San Francisco 4 


THE H. C. NUTTING COMPANY 


Engineers 


Water Distribution Studies 
Water W aste Surveve 
Trunk Main Surveys 


Meter and Fire Flow Test 


4120 Airport Road Cincinnati 26, Ohio 


| 
| 


| 


. Gale Dixon, Associate 
Engineers 
Dames Water Works Sewerage 

Airports Bridges Tunnels 

Traffic & Transportation Reports Highways 
Subways Foundations 
Harbor Works Valuations 

Power Developments Industrial Buildings 
51 Broadway, New York 6, N.Y. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Eanesr W. 
G. G. Werner, Jr 


Prante 
Krenanp Hazen 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals aod Rates 


25 W. 43rd Se. New York 18, N. Y. 


THE PITOMETER COMPANY 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 


Water Distribution Studies 


Penstock Gaugings 


50 Church Sc. New York 7, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 


& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


1 Lee Place Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 


Sewage Treatment, Plant Supervision 
Industrial Waste Treatment 
Laboratones for Chemical and Bacterwlogical 


Analy ses 


369 B. 149th Se. New York 55, N.Y. 


Consulting Engineers 
B. V. Hows 
Appraisals Reports 
Desgn-—Supervision 

Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 

Refuse Disposal, Airports 


426 Cooper Bidg., Denver 2, Colo. 
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NICHOLAS A. ROSE 


Consulting Ground Water Geologist 


Investigations 
Report 
Advisory Service 


(contd.) 


RUSSELL & AXON WARD & STRAND 


Consulting Engineers Engineers 
Geo, 8. Russet F. E. Wenoer Water Power 
Jr. | Sem Drai 
Water Works, Sewerage, Sewage Disposa:, Industrial Building 
Industrial and Power Plants, Appraisals 
408 Olive St. Municipal Airport 
St. Louis 2, Mo. Daytona Beach, Fla. = | W.. Main Se. Madison 3, Wis. 


1309 Anita Ave. Houston 4, Tex. 


Paving 


J. E. SIRRINE COMPANY WESTON & SAMPSON 


Engineers Consulting Engineers 


Water Supply and Purification; Sewerage 
ater Supply & Purification Sewage and Industrial Waste Treatment. 


‘ to & Industrial Waste Disposal, Reports, Designs, Supervision of Construc- 
Stream Pollution Reports, | tion and Operation; Valuations 
Utilities, Analyses Chemical and Bacteriological Analyses 


Greenville Seuth Carolina 14 Beacon Street Boston 8, Mass. 
. SMITH AND GILLESPIE | WHITMAN & HOWARD 
Consulting Engineers Engineers 
(Est. 1869.) 


Investigations, Designs, Estimates, 

4 Reports and Supervision, Valuations, 
Zoning; Reports, Designs, Supervision of ete., in all Water Works and Sewerage 
Construction and Operation; Appraisals. | Problems 


P.O. Box 1048 Jacksonville, Fla. 89 Broad St. Boston, Mass. 


Sewerage, Sewage Treatment, Utilities; 


Water Supply and Treatment Plants; | 


STANLEY ENGINEERING WHITMAN, REQUARDT 
COMPANY & ASSOCIA 
Engineers Consultants 
Reports, Plans 


Hershey Building Supervision, Appraisals 
Muscatine. Ia. 1304 St. Paul Se. Baltimore 2, Md. 


ALDEN E. STILSON & ASSOCIATES WILLING WATER 
Limited Public Relations Consultant 


Consulting Engineers Willing Water cartoons available in low-cost 
Water Supply Sewerage Waste Disposal! blocked electrotypes and newspaper mats for 
Mechanical Structural use in building public and personnel good will. 
Send for catalog and price list 
a American Water Works Association, Inc. 
500 Fifth Avenue New York 18, N.Y. 
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» MEMBERSHIP CHANGES 


TOTAL 


AMERICAN 


WATER WORKS 
ASSOCIATION 


NEW MEMBERS 
A pplications received June 1 to 30, 1950 
Akre, Don’ E., Owner Culligan Soft Water 


Service, 206 Monroe St., Jefferson City, 
| Keedy, George Herschel, Service Mer., 


Mo. (July PR 
Becker, George, see Medina (N. Y.) 


Berk, William Leo, Student, San. Eng., | 


Univ. of Minnesota, Minneapolis, Minn. | 


(July ‘50) 


Boigegrain, Joseph H., Repr., Water 


Works Supply Co., 448 S. Hill St., Los | 


Angeles 13, Catif. (July '50) P 
Clark, Howard Foster, Chief Engr. & 
Mgr., Las Vegas Valley Water Dist., 
Box 1448, Las Vegas, Nev. (July '50) Mf 
Conant, Charles G., Asst. Supt., Munic. 
Water Dept., Box 835, Fortuna, Calif. 
(July 


Md. (July '50) MPR 


Cooper, 8S. C., see Parkhill, Smith & Cooper | 


Croom, Hardy C., Field Engr., Black 
Labs., Inc., 700 S. E. 3rd St., 
ville, Fla. (July S50) MPR 

Culwell, Gano F., Pres., Industrial Main- 
tenance Eng. Co., Ltd., 1710 E 
Ave., Los Angeles 1, Calif. (July ‘50) 

Culwell, Gano F., see also 
Maintenance Eng. Co., Ltd 

Dobbins, William E., \ssoc. Prof. of San 
Eng., College of Eng., New York Univ., 
New York 53, N. Y. (July 50) PR 


Ebaugh, Newton C., Cons. Engr., 


Fla. (July '50) R 
(Continued 


Gaines- | 


Medina, 


Gage | 
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Evans, Marvin E., Supt., Water Works, 
Lonoke, Ark. (July '50) 

Hatfield, Glenn C., Cons .Engr., Hatfield 
Eng. Co., Box 948, Amarillo, Tex. 
(July 'S0) M 


Hays, Wilford J., Div. Engr., Monterey 


Div., California Water & Telephone 
Co., Box 230, Monterey, Calif. (July 

Hendrickson, John Griffith, Jr., Research 
Engr., Concrete Pipe Assns., Inc., 228 
N. LaSalle St., Chicago 1, Ill. (July '50) 
MPR 

Henkeis & McCoy, Andrew L. Lewis, 
Partner, 6100-—14 N. 20th St., Philadel- 
phia 38, Pa. (Assoc. M. July '50) 

Holmgreen, Warren E., Supt. of Water & 
Sewage, Carrizo Springs, Tex. (July '50) 
MPR 

Industrial Maintenance Eng. Co., Ltd., 
Gano F, Culwell, Pres., 1710 E. Gage 
Ave., Los Angeles 1, Calif. (Assoc. M. 
July 


Thorpe Well Co., 2340—6th Ave., Des 
Moines, lowa (July '50) R 

Kernersville, Town of, B. W. Maullinax, 
Water Plant Supt., Kernersville, N. C. 
(Munic. Sv. Sub. July '50) MP 

Koch, Alwin G., Sales Engr., The Dorr Co., 
4016—12th St., N.E., Seattle 5, Wash. 
(July '50) PR 

Lalande, Warren E., Supt., Water Dept., 
City Hall, Rhinelander, Wis. (July '50) 

Lewis, Andrew L., see Henkels & McCoy 

Linke, Harold A., see Templeton & Linke 


c s, Philip C., City Engr., Salisbury, | Long, William Noell, San. Engr., Gaston 


County Health Dept., Box 710, Gas- 
tonia, N. C. (July '50) MP 
Maudlin, Delbert R., Supt., Munic. Water 
Dept., Box 835, Fortuna, Calif. (July 
Village of, George 
Trustee, Medina, N. Y 
Sub. July '50) M 


Becker, 
(Munic. Sv. 


Industrial | Moon, Clinton D., Jr., Mgr., New Jersey 


Water Service Co., 3 Paterson Ave., 
Little Falls, N. J. (July '50) 


Mullinax, B. W., see Kernersville (N. C.) 


Municipal Technical Advisory Service, 
Ebaugh | 
& Goethe, 700 S. E. 3rd St., Gainesville, 


Murphy U. Snoderly, Univ. of Tennes- 
see, Box 8260 University Sta., Knox- 
ville, Tenn. (Corp. M. July '530) MPR 


on page 32) 
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>>> PIPE LINING 
FACTS NO. 3 


PPPP The Standard Speci- 
fications for cement-mortar 
protective coatings issued by 
the American Water Works 
Association provide: “Inte- 
rior of the entire line. includ- 
ing both curves and tangents, 
shall be by centrifugal ma- 
chine . . . the machine shall 
apply the mortar by centrif- 
ugal action without the use 


¥ 
% 
4 


of compressed air and follow 
its application by automatic 
trowelling to a uniform thick- 
ness and smooth finished sur- 
face.” 


The strict adherence to these 
specifications by Centriline 
insures a continuous, dense, 
smooth lining—applied with- 
out rebound—that means re- 
stored carrying capacity per- 
tually sustained and longer 
ide to mains. If pipelines are CENTRILINE CORPORATION 
losing efficiency it is time to A submdvary of Raymond Concrete Pile Co. 
consider Centrilining. Our 142 CEDAR STREET « NEW YORK 6, N.Y. 


P Cit 
engin stand ready to as- Branch Offices ing United States 


sist you. 


> PPP WRITE TODAY Reg. U.S. Pat. OF. 


TALOG 4 ied in Strict 
CENTRILINE CA Conformity 
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(Continued from page 30) 


Parkhill, Smith & Cooper, Cons. Engrs., 
S. C. Cooper, Partner, 1414 Ave. J, 


Lubbock, Tex. (Corp. M. July "50) PR | 


Pleibel, Albert F., Dist. Sales Mer., R. D. 
Wood Co., 683 Prospect St., Maple- 
wood, N. J. (July '50) 


Ross, William Anthony, Graduate Student, 
Univ. of California, Berkeley, Calif. 
(July '50) MPR 

St.-Pierre, Julien, City Engr., City Hall, 
Granby, Que. (july '50) 


Scheflow, Everett Calvin, Engr, E. M. 
Scheflow, Contractor, Sherwin Bldg., | Marchesini, Joao, Comissao Aguas ¢ 


Elgin, Ill. (July '50) PR 

Shatto, Harry Howland, Supt.. Water 
Dept., City Hall, Sierra Madre, Calif. 
(July '50) M 

Silverman, Jacob, Civ. Eng. Draftsman, 
Dept. of Water & Power, 207 S. Broad- 
way, Los Angeles 12, Calif. (July '50) 

Snoderly, Murphy U., see Municipal 


Technical Advisory Service 


Steeves, Wesley M., Town Mer., Drawer | 


KK, Woodstock, N. B. (July '50) 


Stephens, Willie Lee, Supt. of Filtration, 
Water & Light Com., Route 5, Carroll- 
ton, Ga. (July '50) MP 

Swoboda, Otto Clarence, Chief Operating 
Engr., Water & Sewage, Post Engrs., 
Fort Belvoir, Va. (July '50) M 


Templeton & Linke, Cons. Engrs., Harold 


A. Linke, Vice Pres., 410 Dooly Bldg., | 


Salt Lake City 1, Utah (Corp. M. July 
MPR 

Thorpe, Philip T., Sales Engr., Thorpe 
Well Co., 2340-—-6th Ave., Des Moines, 
lowa (July '50) R 


Truscott, L. H., Asst. Mgr., Watlington 


Waterwork Ltd., Devonshire, Bermuda | 


(July '50) MP 


Van Dyke, Robert Peter, Civ. Engr... U.S 
Geological Survey, 510 Rudge-Guenzel 
Bldg., Lincoln, Neb. (July '50) MP 


Vuylsteke, Ralph Harry, Ener, Water 
Works Com., 415 Hampshire 5St., 
Quincy, Ill. (July '50) MR 


Weers, Walter A., 516 Ontario St., S. E., 
Minneapolis, Minn. (Jr. M. July ‘S0) 


Wilsmann, William H., Sr., Supt., Munic. 
Water Dept., 110 W. 10th St., Neills- 
ville, Wis. (July 50) WP 


Wright, Claude, Engr., Western Canada 
Insurance Underwriters Assn., 1100 
Paris Bldg., Winnipeg, Man. (July '50) 


REINSTATEMENTS 


Goldman, Ernst E., Engr., C. A. “Reigo,” 
Aptdo. 1844, Caracas, Venezuela (Apr. 

Kallin, Francis J., |ndustrial Wastes Engr., 
Special & San. Eng. Sec., Eng. & 
Planning Dept., Ford Motor Co., 
Dearborn, Mich. (Jan. 50) P 


Esgotos, Avda. Sete de Setembro, 
Salvador, Bahia, Brazil (July '48) 


LOSSES 
Resignations 
Haas, Eugene G., Resident Cons. Engr., 
Morris Knowles, Inc., 3904 Vaux St., 
Philadelphia 29, Pa. (Apr. '47) 
Incledon, Leonard R., Civ. Engr., Water 
System, Island Public Works, Station 
13, Guam, Guam (Jan. '48) 
Parker, Gerald Gordon, U.S. Geological! 
Survey, Water Resources Div., Wash- 
ington 25, D.C. (Jan. '46) R 


Deaths 


Bevington, Warren C., Pres., Bevington, 
Taggart & Fowler, Inc., 730 K. of P. 

* Bldg., Indianapolis 4, Ind. (Jan. '44) 
MPR 

Fitzgerald, Howard W., Supervising Engr., 
Div. of Water, Buffalo, N. Y. (Apr. '23) 
M 

Marshall, L. A., Supt. of Filtration, Bald- 
win Filtration Plant, 11216 Fairhill Rd., 
Cleveland 4, Ohio (May '21) P 

Thomas, Walter L., Supt., Water Works 
System, Mt. Vernon, Ind. (Jan. '49) 


CHANGES IN ADDRESS 


Changes received between June 5 and 
July 5, 1950 


| Area, Oscar E., 1216 S. Flower St., Santa 


| 


Ana, Calif. 

Bailey, Robert T., Margison & Babcock, 
119 Isabella St., Toronto, Ont. 

Doyle, Victor H., Dist. Mer., Pacific 
States Cast Iron Pipe Co., 646 Russ 
Bldg., San Francisco 4, Calif. (Oct.:'39) 


(Continued on page 34) 
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FOR WATER SOFTENING .. . TURBIDITY. AND COLOR 
INDUSTRIAL WASTE TREATMENT . 


with independently-operated mixing, 
flocculation, stilling and sedimentation zones 


A notable improvement over conventional short-retention water treat- 
ment units. Provides individual functioning of mixing, flocculation, 
stilling and sedimentation zones. @ Its control over short-circuiting, 
control over each function and control of sedimentation through low 
weir rates mean improved effluent . . . higher filtration rates . . . longer 


filter runs... better industrial waste recovery and treatment. 
Write for Bulletin 6S6 
Orlando, Florida Installation 


WALKER PROCESS EQUIPMENT INC. 
FACTORY ENGINEERING OFFICES LABORATORIES 
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APPROVED 


by UNDERWRITERS’ LABORATORIES, Inc. 


GREENBERG 


Independently Valved HYDRANTS 
for non-freezing climates 


Western water works engineers and fire 

chiefs were the first to approve Greenberg 

California-type fire hydrants. Now, after 

exhaustive tests, Underwriters’ Laborator- 
ies, Inc. has confirmed your judgment. 

equip with independent valves of a 

new type which open quickly and easily, 

allowing full flow with minimum resist- 

ance. close tightly without water 

hammer. A major improvement over the 

old “cork in bottle” type valve! 

Other innovations such os you 

would expect of the people 

who evolved the California- 

type hydrant 75 years ago ore 

b shown in the free booklet “Hy- 


M, GREENBERGS SONS 


765 Folsom St San Francisce 2 
Pes Mew York « DC. 
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(Continued from page 32) 


Dunn, Wheeler W., Jr., Contractor, 140 
Woodie Drive, Jackson, Miss. 


Forristall, Willard H., Vice-Pres., Factory 
Insurance Assn., 555 Asylum St., 
Hartford 2, Conn. (July '47) 


Gardner, Joe H., Pres. & Treas., Bingham 
& Taylor Corp., Box 552, Culpeper, Va. 
(Apr. °37) M 

Gearhart, John B., 511 LD St., 
Ore. (Apr. '48) 

Hanes, James C., Chairman, Dept. of 
Civ. Eng., College of Eng., Rutgers 
Univ., New Brunswick, N.J. (July °39) 
P 

Kirchman, Harry H., 206 N. 3rd St, 
Richmond, Ky 


Malpass, Richard W., Sr., Eng. Partner, 
East Jordan Iron Works, East Jordan, 
Mich. 

Morgan, James H., Sales Engr., Wallace 
& Tiernan Co., Inc., 2415 San Jacinto 
St., Houston, Tex. (Apr. '46) 

Munns, David F., Pres. & Gen. Mer., 
Culligan Soft Water Service, Inc., 540 
Summer Ave., Littleton, Colo. (July 48) 


Olsen, Carl Stanford, Box 227, Stanwood, 
Wash. (Oct. MPR 


Pittsburgh Pipe Cleaner Co., Kyle |. 
Robinson, Vice-Pres., Box 173, Morris- 
town, N.J. (Assoc. M. Jan. '46) 


Schwada, J. P., City Defense Coordinator, 
930 W. Madison St., Milwaukee, Wis. 
(May '24) Fuller Award Director 
"46-49, Diven Medal '49. P 


Seufer, Paul E., Averill Park, N. Y. (Apr. 


Tebar Escribano, Miguel, Chief, Meter 
Div., Dept. of Operation, Instituto 
Nacional de Obras Sanitarias, Reducto a 
Glorieta 88, Caracas, Venezuela (July 

Velz, C. J., 941 Newport Rd., Ann Arbor, 
Mich. (Jan. '35) P 

Walling, I. W., U.S. Geological Survey, 
Chemist in Charge, Water Resources 
Div., 1203 W. 6th St., Stillwater, Okla. 
(Jan. '49) 

Welch, W. A., Industrial Chemical Sales 
Div., West Virginia Pulp & Paper Co., 
Lincoln-Liberty Bldg., Philadelphia 7, 
Pa. (Jan. '36) P 

Wise, William R., Asst. Supt., Comrs. of 
Public Works, Box 333, Newberry, S. C. 
(Apr. MPR 


Lebanon, 


| 
| 
| 
| 
mite drants by Greenberg.” May we 
send you a copy? 
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Condensation 


5, page 1, issue dated May 1947. 


was taken, by permission, from one of the following periodicals: 
Chemical . 


PH EQ 


Hygiene (Great Britain) ; C.A 

tute of Metals (Great Britain) ; 
S.1.W.—Sewage and Industrial Wastes; 
Britain). 


BACTERIOLOGY 


The Action of Cationic Detergerts 
on Bacteria and Bacterial Enzymes. 
W. E. Knox er av. J. Bact., 58:443 
("49) Paper describes attempt to 
elucidate mode of action of cationic 
bacteria. Enzyme in- 
activation has been 

mechanism, and there is previous evi- 
dence that certain bacterial enzymes 
inactivated at approx. concentration 
required for lethal action. It 
theless remains uncertain, since expts 
were done with intact cells, which of 
these actions is cause and which effect 
If it could be shown that enzymes ex- 
tracted from cells are in- 
hibited by same 
those lethal to cell itself, this difficulty 
would be removed. Present authors 
have done this: they supply data relat- 
ing to 7 metabolic reactions of intact 
cells of Esch. coli, and to 6 metabolic 
reactions of cell-free 
tracted from them, amount of Zephy- 
ran required to inhibit each of these 
having detd. This amount ts 
stated in pg. detergent per mg. bacterial 
nitrogen, it having found that 
lethal effect depends on this ratio, and 
not on concentration of detergent. Re- 


detergents on 
suggested as 


never- 


bacterial 
concentrations as 


enzymes e@xX- 


been 


been 


actions of cell-free enzymes inhibited 
Zephyran 
were oxidations of succinate 
amd hexose diphosphate. First 
studied in detail, and graph in which 
concentration of Zephyran is plotted 
against percentage of Esch. coli killed, 
of mbibition of glucose oxidation by 


by low concentrations of 
lactate, 


Was 


inhibition of cell- 
each 


intact cells and of 


free lactic acid oxidase, shows 


Vol. 42, No.9 


Key: In the reference to the publication in which 
the abstracted article appears, 39:473 (May °47) 
indicates volyme 39, page 473, issue dated May 1947. 
If the publication is paged by the issue, 39:5:1 ( May '47) indicates volume 39, number 


Abbreviations following an abstract indicate that it 


B.H.—Bulletin of 
{hstracts; Corr.—Corrosion; 1.M.—Insti- 
Public Health Engineering Abstracts; 


’'P.R—Water Pollution Research (Great 


effects following approx. 
same line. Other enzymes much more 
resistant and one activity of living 
cell, arginine decarboxylation, in- 
creased. View taken that specific inhi- 
bition of certain enzyme reactions can 
for effects of detergents on 


-B.H. 


of these 


account 
bacteria. 


Relationship of Coliform Bacteria 
to Gas Production in Media Con- 
taining Lactose. ©. W. CHuAmBeERrs. 
Pub. Health Repts., 65:619 (May 12, 
Article investigation 
which has been made, with equip. 
and media generally used in routine 


describes 


examn. of water samples, to det. num- 
ber of coliform bacteria required to 
produce gas in lactose broti: Data 
obtained in this investigation s::ould 
be useful in establishing true signifi- 
cance of gas production in coliform 
test and in stimulating addition’ 
search on this problem. Results ob- 
tained with cultures used in this study 
indicated that from 40 to 390 million 
coliform bacteria per ml. are required 
to produce visible gas in lactose broth. 
Usually coliform counts of 75 million 
or more per ml. are required to pro- 
duce first visible gas. Number of coli- 
form bacteria originally inoculated 
into lactose broth has relatively little 
effect on population density required 
to produce gas and does not have 
marked effect on time necessary for 
gas production. Results from single- 
and double-strength show no 
significant variation in number of coli- 
Popu- 


media 


forms required to produce gas. 
lation required to produce gas in std. 
lactose broth is about 40% less than 


(Continued on page 38) 
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‘Uses 10 Miles © 


ENVER’S new Conduit No. 20 
from its filter plant at Kassler 
to Marston Lake carries 200 mgd. 
This giant water line consists of 
52,252 ft. of 90-in. concrete pipe. 
Conduit No. 20 replaces wood 
stave lines laid many years ago over 
a more Circuitious route. This new 
line is the latest of a series of 
installations in the area, which 
during 1948 and 1949 used 30,003 
additional feet of concrete pipe 
ranging from 24-in. to 42-in. 
Denver's extensive use of con- 
crete pipe for water lines is typical 
of its preference throughout the 
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Denver Water Line’ 
CONCRETE PIPE 


country. Concrete pipe has the 
strength to carry heavy overburdens 
and to resist severe impact, the 
durability to give economical serv- 
ice. It has no tuberculation to 
impair its hydraulic efficiency. Its 
dense structure and joints, which 
can be made watertight, prevent 
leakage or infiltration. 

In concrete pipe water lines 
taste, odor and dirty water difficul- 
ties are minimized. Concrete pipe 
meets every operating requirement 
and provides true low-annval-cost 
service. That performance pleases 
engineers and taxpayers alike. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Ave. 
Chicago 10, Ill. 


A national organization to improve and extend the uses of portiand cement 
and concrete through scientific research and engineering field work 
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(Continued from page 36) 


that required to produce gas in B.G.B. 
broth 2%. Production of gas in any 
quantity in presumptive test in lactose 
broth is highly significant until proved 
otherwise by subsequent confirmatory 
or completed tests —P.H 


A Bacteriological Survey of Some 
Representative Farm Water Sup- 
plies. S. B. Tuomas, G. E. Jones «& 
P. M. Honson. Proc. Soc. Applied 
Bact., No. 1, p. 19 ('49). Satisfac- 
tory water supply for dairy farm or 
creamery should be free from Esch. 
coli and relatively free from those 
saprophytic bacterial types capable of 
fermenting constituents of milk at 
temps. between O°C. and 20°C. 
Therefore, water supplies satisfactory 
from public health standpoint may not 
necessarily be suitable for dairy pur- 
poses. Presence of certain micro- 
organisms naturally occurring in wa- 
ter may cause deterioration in cream, 
butter and cheese. In previous survey 
of 1000 farm water supplies only 
about 18% were adequately protected 
from risks of contamination; this re- 
port concerned with 7 different types 
of water supplies used at 31 farm 
dairies in mid- and south Wales. 
Examn. comprised coli-aerogenes and 
Esch. coli counts, plate counts on nu- 
trient agar for 3 days at 22°C. and 
on yeastrel milk agar for 5 days at 
30°C, and special examn. for milk- 
souring organisms (clotting of litmus 
milk medium within 48 hr. at 30°C.). 
Water from artesian wells was con- 
sistently satisfactory from point of 
view of excretal indicators, but milk- 
souring organisms detected in 26% of 
samples and occasionally very high 
colony counts obtained. Chlorination 
of polluted water supplies from upland 
sources produced waters satisfactory 
with regard to absence of both ex- 
cretal and milk-souring organisms 
Samples of rainwater collected from 
roofs of farm buildings were heavily 


contaminated with coli-aerogenes or- 
ganisms and Esch. coli and with large 
numbers of milk-souring | bacteria. 
These results emphasize unsuitability 
of this type of supply without treat- 
ment for dairy purposes. Waters 
from both protected and unprotected 
shallow wells and springs gave vari- 
able results and indicated danger of 
assessing bacterial quality of supply 
from single examn. or several examns. 
at long intervals. Poln. most likely 
to be present after heavy rain in spring 
and summer, and, if impossible to 
sample supply at regular intervals 
throughout year, examn. of series of 
about 4-6 samples taken at weekly or 
fortnightly intervals during May to 
August would provide most suitable 
method of control. Presence of milk- 
souring organisms in 0.1 ml. or less 
of water agreed fairly closely with 
high counts of excretal indicators and 
high plate counts. Further research 
needed on media and incubation times 
at 22°C. to provide information on 
numbers and types of water bacteria 
likely to affect keeping quality of milk 
and milk products.—B.H. 


Evaluating the Bactericidal Effi- 
ciencies of Free Iodine and Avail- 
able Chlorine by the “Semimicro” 
Method. L. J. A. 
Pauist. Am. J. Pharm., 121:337 
('49). Bactericidal effi. of free iodine, 
made up from Iodine Tincture (2%) 
U.S.P., in dilns. ranging from 1: 6000 
to 1: 15,000, and of available chlorine, 
made up from aqueous sodium hypo- 
chlorite soln. (2% available chlorine ), 
in dilns. ranging from 1:3000 to 
1:18,000, detd. against Salmonella 
typhosa and Staphylococcus aureus by 
Klarmann “semimicro” method and by 
modified F.D.A. method. Both proce- 
dures gave high and effective bacteri- 
cidal values for iodine _ tincture. 
Phenol coefficient of available iodine 
against Salmonella typhosa, measured 
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RENSSELAER 


SQUARE BOTTOM GATE VALVE 


EMERGENCY SHUTOFF 
FREQUENT OPERATION 
THROTTLING 
VERTICAL PIPE LINES 


OU know that throttling service leaves a valve 

partially open —in which case, an improperly 
supported downstream gate is under pressure to tilt 
into the downstream port opening and to score the 
face of both gate and seat rings. 

THIS CAN’T HAPPEN in a Rensselaer Square 
Bottom Gate Valve — because the gate is properly 
suppdrted at THREE POINTS during its full length 
of travel. It can't tilt. The diagram shows why, in 
detail. 

In EVERY respect, this gate valve is designed for 
long life under severe operating conditions. For 
instance — during its entire operation, the gate ring 
is held completely free from contact with the seat 
ring, by stainless steel tracks, and bronze mounted 
gate lugs until near the closing point. Then the 
tracks taper, allowing contact between gate and seat. 

Without obligation on your part a Rensselaer 
What 3- point Support Means representative will be glad to give you the benefit 
cade Ligh of his experience in Valves, Hydrants and other 
2-Valve operates Yrequently without exces Rensselaer products. Call our nearest office. 


3-Vaelve be used for throttling without 
Gumeging Gage. 


4—tThe for 


TROY, NEW YORK 


of Meptune Mere: Compony 


Bate Cyowyd Pa Chicege Dewver Meverhell 
Cary, Lov Angeies, Memphis (ity bes Frenusce, 
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was 8&9; 
aureus, 75. 


by Klarmann’s method, 
against Staphylococcus 

Under same conditions values for chlo- 
rine were 44 and 62, resp. Using 
modified F.D.A. method, phenol co- 
efficient of free iodine against Salmo- 
nella typhosa was found to be 133 and 
against Staphylococcus 
Latter procedure for chlorine gave val 
ues of 177 and 171, respectively.—Fd 


aureus, 185 


Inhibition of Bacterial Growth of 
Pure Ozone in the Presence of Nu- 
trients. M. Incram « R. B. Haines 
J. Hygiene, 47:146 ('49) 

centrations of have 
for prevention of bacterial growth on 
foods. This paper 

bacteriostatic and 


Low con 


ozone been used 
stored describes 
expts. on bacteri- 
cidal effects of various concentrations 
of ozone im air (Concentrations as 


low as 7 ppm. had marked bactericidal 


action on Staph. aureus suspended in 
water. Much higher concentrations— 
500-3,000 ppm.—were needed to ar- 
rest growth of cultures of various or- 
ganisms already established in broth, 
although concentrations of some hun- 
dred ppm. sufficed to prevent growth 
if ozonized air was run through me- 
dium from moment of inoculation. At 
low temps. effect of ozone was en- 
hanced; but strains of Achromobacter 
and Proteus such as found growing on 
chilled meat were more resistant to 
ozone than Staph. aureus and Proteus. 
Exposure of inoculated agar plates to 
several hundred ppm. ozone killed bac- 
teria of various species and inhibited 
growth of fungi. When ozonized air 
was passed through actively growing 
broth cultures, ozone was destroyed, 
apparently not through action of bac- 


terial enzyme, but by reducing sub- 
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3 Money, Time and Labor 
Saving Features of 


UNIVERSAL 


CAST IRON PIPE 


€ 
CENTRAL FOUNDRY COMPANY 
386 POURTH AVENUE, NEW YORK 16, N. Y. 


Gentlemen: Sead as information and catalog 
on UNIVERSAL CAST IRON PIPE. 


NAME 
STREET 


Ellis Bell End Test Clamp 


Photo shows Clamp on 8” pipe 
THOUSANDS IN USE 

For testing mains; temporarily closing 
for the night, on account of fire; or for closing 
branch - omy ~ temporarily; and in any emer- 
of time, the Ellis Clamp has no equal. 
olds pressures up to 300 pounds, and more. 


This clamp is for use on bell end of cast iron 
pipe of 4"’, 6”, 8”, 10’, and 12” sizes. 
Write for cireular and prices 


ELLIS & FORD MFG. CO. 
FERNDALE 20. MicH. 


40 
HOLES TO (Bo 
“REG. U.S. PAT. OFF. 

For ow + fire protection systems, 
: 
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This De Laval pump is one of 
four recently installed at the Fox 


FOUR MORE 7 Chase Booster Station. It is one 


of 36 De Laval pumping units 


DE LAVA L$ serving the City of Philadelphia. 


*80% of America’s large cities use De Laval pumps. 


Send for_Catalog 10-13-JA 


DE LAVAL STEAM TURBINE CO., TRENTON 2. W. J. 


TURBINES + HELICAL GEARS « CENTRIFUGAL BLOWERS & COMPRESSORS 
CENTRIFUGAL PUMPS « WORM GEAR SPEED REDUCERS « IMO OIL PUMPS 
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stances produced by bacteria. Washed 
suspensions of Esch. coli exposed to 
ozone lost their dehydrogenase activity 
for various substrates. Concentra- 
tions of ozone required to prevent bac- 
terial growth are higher than human 
beings can tolerate and are sufficient 
to damage some foods.—B.H. 


Author has found that when silver 
electrodes are used there forms around 
positive pole whitish cloud which is 
gradually diffused throughout liq. 
For negative electrode of silver, other 
metals such as iron, zinc or copper can 
be substituted without any material in- 
terference with effectiveness of app. 


Cloud which forms shown by anal. to 
be chloride of silver, and removal of 
it by addn. of ammonia does not affect 
bactericidal property, but removal by 
mechanical or physical means decreases 
this effect. Author finds also that 
addn. of sol. salt of silver to water 
has same effect as passage of silver 
by elec., Katadyn, process. Author 
concludes that app. equally effective 
can be set up by using silver for posi- 
tive pole and some other metal for 
negative; also that in place of elabo- 
rate and expensive Katadyn app. for 


On the So-called Oligodynamic Ac- 
tion of Silver. E. Biocca. Ann. d. 
San. Pubblica (Italy), 10:2:331 
(Mar.~Apr. '49). Germicidal action 
of certain metals in very minute doses 
has been used for more than 20 years 
for purif. of water; this action known 
as oligodynamic, and in commercial 
“Katadyn” method metal used is silver. 
Author has carried out expts. with 
water artificially contamd. with known 
quants. of Escherichia coli, and has 
used various metals for electrodes. 
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On Call... 
to tell your story for you! 


Willing Water wants work on or as 
your public relations staff. Let him 
be your spokesman to your customers 
.+. to your personnel. You'll find him 
a master of the art of putting across 
your ideas...of soliciting co-operation 
...0f establishing good will. Call him 
up...put him to work on your public- 
ity, your signs, your bulletins, your 
bills, your reports... you'll find him 
ready, able and, of course, willing. 

Low-cost blocked electrotypes or 
newspaper mats, in 32 different poses, 
are immediately available to you. 
Write now for a catalog and price 
list to: 


AMERICAN WATER WORKS ASSOCIATION 
500 Fifth Avenue - New York 18, New York 
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THE DEPENDABLE STRENGTH OF AMERICAN CONCRETE 
CYLINDER PIPE IS A RESULT OF SUPERIOR DESIGN 


Steel and concrete components of this outstanding composite design work 
together to give superior resistance both to internal and external stresses. 


100 psi ond greeter. positive water seal or mem- 
. brane as well as part of the 
required total steel area*. (Thick- 
ness of the cylinder varies ac- 
cording to pipe diameters and 
general design requirements). 
Each cylinder is hydrostatically 
tested to a unit stress of at least 
22,000 psi. 


Centrifugally spun concrete 

lining is of proper mixture 
and dense compaction. Its thick- 
ness adds rigidity and strength 
through “arching” effect (nom- 
inal minimum lining thickness is 
%” for 14” and 16” diameters 
and 4” for larger diameters). 


\ linder is lined prior to rod 
Steel reinforcing rods, which sup- g 


plement the required steel area*, \ 
are wrapped under measured tension Dense concrete jacket or 
and accurate spacing around the con- coating (nominal minimum 
crete lined cylinder. The section modu-___1” thickness over the cylinder) is 
lus is thus increased while the concrete “locked” around the rod wrap- 
lining is placed under slight initial ping over the entire surface of 
compression. The result is, in effect, a the cylinder. This is an impor- 
modified prestressed design. tant structural feature 


*Total cross sectional! steel area is based on 13.500 psi max. allowable unit stress at the de- 
sign operating pressure. 


Superior design affords the most economical and effective use 
of steel and concrete to produce the best quality of pressure pipe 
at less cost to the purchaser. Economical first cost plus ease of 
installation, sustained capacity and trouble free service all help to 
reduce the cost of delivered water. 


Complete information upon request. © 1950—-A.P. & C. Co 


Concrete Pipe for Main Water 
Supply Lines, Storm and Sanitary 
Sewers, Subaqueous Pipe Lines 
P. 0. Box 3428, Terminal Annex, 
PE AND CONSTRUCTION CO. ) Los Angeles 54, California 
Main Offices and Pilant—4635 Fire- 
stone Bivd., South Gate, Calif. 
District Sales Offices and Plants — Oakland @ San Diego @ Portland, Ore. 
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purit. of large amts. of water, use of 
Mariotte bottles with regulated drop- 
ping of sol. silver salt, such as silver 
nitrate, would be cheaper and equally 
effective.-B.H. 


Bacteriological Studies on a New 
Filtration Medium for Purification 
of Water. E. Epotincer. Am. d’hy- 
giene publique, Indus. et soc. (Fr.), 
26:38 ('50). New product called 
“Photomic” has been developed for 
filtration and disinfection of water. 
Material consists of silver pptd. on 
neutral, rather insol. carrier of lime- 
stone (0.5-1.0 mm.) or asbestos, which 
is activated by energy rays of low fre- 
quency, but without developing any 
radioactive effect. Lab. expts. with 
granulated and asbestos masses in 
Buchner funnels allowed filter contact 
time of 1-2 min. Bact. suspensions 
(up to several million per ml.) of 
Esch. coli, Salm. typhosa, B. dysen 
teriae, V. cholerae and Staph. albus 
used. Results show that after passage 
through filters very few organisms left 
and filtrate usually sterile after 4 hr 
Filtrate, which did not contain any 
traces of silver, showed strong bact 
action. When new bact. suspensions 
added to filtrate, even when dild 
1: 100, liq. again sterile after 1 to 2 
hr. Use of filter media for 3 mo. did 
not show reduction of activity. Con- 
trol tests made with similar silver ppts 
not subjected to low frequency rays 
showed only slight reduction of bact. 
numbers.—HW Rudolfs. 


TUNNELS AND AQUEDUCTS 


Tunneling and the Water Engineer. 
Rott Hammonv. Wtr. & Wtr. Eng 
(Gt. Br.), (Jan. Generally 
speaking, tunnels used in aqueducts as 
crossings under rivers or where sur- 
face line would be impracticable. For 
grade tunnel, horseshoe section with 
curved invert generally found to be 
most economical of constr., but cir- 
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cular section best adapted to resist 
internal or external pressure. It can- 
not be stressed too often or too 
strongly that thorough geological 
examn. of ground necessary before 
design of tunnel decided. In recent 
years there have been many interest- 
ing developments in tunnel lining 
methods. Precast concrete segments 
have been developed. For many years 
McAlpine system of reinforced con- 
crete lining has been used in various 
parts of world. Another excellent 
type of precast concrete tunnel lining 
is that patented by Erdelyi and Vajda, 
and used at Budapest and Dortmund. 
Important series of tests on McAlpine 
system carried out by safety in Mines 
Research Board, !mperial College, 
London. At 168-ton pressure 2 of key 
segments failed. Design of suitable 
tunnel linings based mainly on sound, 
practical experience, and today far 
more attention paid to careful soil sur- 
vey of tunnel works than in past. 
Outstanding examples of water supply 
tunnels include Delaware Aqueduct 
and Colorado R. Aqueduct. Many 
different processes now available to 
tunneling engr. with which he can sur- 
mount many difficulties arising from 
broken and bad ground. There is no 
universal method. Cement grouting 
developed for sealing fissures in rock. 
No attempt should be made to use it 
in fine sand. Jooster process consists 
of injection of 2 chem. solns., one 
after other, into gravel, ballast sand 
or similar ground. Chems. combine to 
form impermeable mass. Consolida- 
tion takes place where it is most 
needed. Good results have been ob- 
tained in loamy and dirty ballast — 


H.E. Babbitt. 


Construction of the Maraetai Diver- 
sion Tunnel. J. H. Macxy. New 
Zealand Eng., p. 37 (Jan. '50). De- 
sign of Maraetai hydroelec. project, 
with its diversion tunnel and spillway 
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MONO-CAST 


Pipe For Every Service Condition 


**Mono-Cast”’ is the trade name for Acipco pipe cast centrifugally in sand- 
lined molds. Uniform metal section, high physical strength, endurance, and 
freedom from inclusions are salient properties which have established the 
name ‘‘Mono-Cast”’ as synonymous with ‘highest quality cast iron pipe’. It 
can be supplied with joints for conveying water, gas, oil, gasoline, sewage, salt 
brine, ashes—and in fact, just about everything that a pipe line can conceiv- 
ably convey. 


Being cast iron, Mono-Cast Pipe enjoys an enviable reputation. Cast iron 
pipe has had over three hundred years of service abroad and more than one 
hundred years of service in the United States. Mono-Cast Pipe is designed to 
give super-service. 


Since the beginning of our Company, forty-five years ago, Acipco has con- 
stantly worked hand in hand with engineers, contractors and superintendents 
in solving piping problems in their respective fields. Refer your next piping 
job to Acipco. 


AMERICAN CAST IRON PIPE COMPANY 
Birmingham 2, Alabama 


Dallas Houston El Paso Pittsburgh Kansas City 
Chicago Minneapolis New York City Cleveland 
Los Angeles San Francisco Seattle 
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combined, similar to that used success- 
fully in some larger projects in U.S. 
Tunnel circular in cross section, 25’ in 
diam., radius of horizontal curve being 
650’. Length of tunnel 1688’. Thick- 
ness of lining nominally 1’, with sec- 
tions of 2’ lining at portals. Con- 
struction of sloping leg of spillway 
presented some unusual and interest- 
ing problems, and proved to be most 
diffeult section of tunneling work. 
Work entailed in forming access 
roads, outlet portal and inlet portal 
described. Ignimbrite rock through 
which tunnel driven fractured through- 
out by joint planes which have no 
regular pattern or stroke. Realized 
that arch would require timbering for 
temporary support, but, owing to high 
shear strength of rock, timbering 
could safely be hitched into country 
rock at arch springings. American 
method of timbering proposed, using 
sets of 5 segments placed at 5’ centers. 
5’ section of excavation in tunnel pro- 
duced about 240 cu.yd. of loose muck, 
disposal of which was one of main 
items governing speed of tunneling. 
Overall mucking rate of 1 cu.yd./min. 
aimed at, requiring machine capable 
of loading 2 cu.yd./min. Conway or 
Emico muckers considered to be most 
suitable machines. Six-ton battery 
locomotives used for haulage. Ignim- 
brite medium-hard rock, but easy to 
bore, speeds of 1 ppm. being possible. 
Bad rock for blasting and usually re- 
quires secondary “popping” to break it 
down small enough to handle. Estd. 
that between 2 and 3 lb. of explosive 
per cu.yd. would be required to break 
rock effectively. Spacing holes at 2’ 
6” in centers both ways gave approx. 
100 holes in full round. Drill steel of 
i in. size proposed. Start made in 
‘47 to open up full section of tunnel. 
All holes in lower half of tunnel were 
spurting full jets of water, which 
made drilling unpleasant, and placing 
of explosives in holes difficult. Often 
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plugs of gelignite had to be threaded 
on wire to hold them until they could 
be tamped. Later, metal tubes 1)” in 
diam. used to make prepared charges 
for wet holes. Grouting ahead of tun- 
nel excavation considered, but thought 
that at best method could be only par- 
tially successful. In driving arch 
through first 300’, excavatior had been 
carried up to 35 ahead of timbering, 
but found that blocks fell from roof 
25’-30 behind face, and instructions 
therefore given that timbering to be 
kept to within 10’ of face. Flow of 
water increased approx. in proportion 
to length excavated, and at 280’ from 
portal had reached 3500 gpm. At 300’ 
from portal, sudden change in rock 
formation. Badly shattered pressure 
zone first indication of change, and 
water gushed from this zone, total 
flow jumping to 7000 gpm. Pumping 
capac. with all pumps then available 
only 10,000 gpm. and more pumps or- 
dered urgently. Situation, however, 
did not worsen, and though, as face 
advanced, new gushers opened up, 
these had effect of lowering ground 
water level and reducing quant. enter- 
ing further back. Author covers drill- 
ing and blasting experience, timbering 
adopted, type of mucker used, ventila- 
tion and dewatering. Concrete lining 
carried out concurrently with excava- 
tion, and concrete pumped into place 
behind steel forms by pumps with 
rated capac. of 8-10 cu.yd./hr. Soffit 
grouting of tunnel carried out for full 
length of tunnel and in 2 stages. First 
stage was to fill voids between con- 
crete lining and rock with most eco- 
nomical filler having satisfactory 
structural strength. Seven days after 
primary grouting, holes to be re- 
drilled and grouted with neat cement 
to take up any shrinkage. Pressure 
limited to 80 psi. in primary and 100 
psi. in secondary grouting. Article 
illustrated by 5 photographs and 8 
diagrams.—Ed. 
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GENERAL CHEMICAL "ALUM" 


Offers BiG ADVANTAGES 
for Coagulation 


Produces crystal-clear water 


Gives effective floc formation over wide 
pH and alkalinity conditions 


Insures settling of fine turbidity result- 
ing in longer filter runs 


4 Helps reduce tastes and odors 
Removes organic color from water 


6 Has no chlorine demand, because the 
aluminum ion has no reduced state 


Stores well and remains free-flowing for 
uniform feeding 


Is low in cost 


*Many filtration plants produce waters with 

The most widely-used coagulant for free- 
tling and filtration. ing water from turbidity, color and simi- 
lar impurities is General Chemical Alum- 
inum Sulfate. That’s because this quality 
product-—with a reputation spanning half 
a century—is always uniform . . . always 
meets the strictest chemical and physical 
specifications. And it is always readily 
available from convenient producing and 
shipping locations America over. For your 
requirements—to be sure of the source— 
specify General Chemical “Alum”! 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, Mew York 6, N. Y. 
Albany Adancta * Baltimore ¢ Birmingham Boston ¢ Bridgeport Buffalo 
arlowe icago * Cleveland Denver Detroit * Houston Jacksonville 
Los Angeles * Minneapolis * New York © Philadeiphia ¢ Pirsburgh © Providence 
San Francisco * Seattle * St. Louis * Yakima (Wash.) 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 


in Canoda: the Nichols Chemical Company, Limited Montreal Toronto * Vancouver 
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IT’S A FACT! 


And there's nothing but 
facts in “A Survey of Oper- 
ating Data for Water Works 
in 1945."" This 96-page 
A.W.W.A. report, reprinted 
from the February 1948 is- 
sue of the Journal, is just 
bursting with facts, figures 
and essential information on 
462 water utilities serving 
communities with popula- 
tions over 10,000. 


From Aberdeen, Wash., 
to Ypsilanti, Mich., such de- 
tails as the book value of the 
system, the total revenue, 
the operating and mainte- 
nance costs—all in dollars 
and in dollars per capita; 
the miles of mains in the 
distribution system; propor- 
tion of income paid as taxes: 
rates charged—all these and 
many others are carefully 
listed and tabulated. It's a 
proofreader’s nightmare; su- 


perintendent’s dream. 


96 pages 


American Water 
Works Association 


500 Fifth Avenue 


New York 18, N. Y. 
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POLLUTION CONTROL 


Report of the Water Pollution Re- 
search Board, With the Report of 
the Director of Water Pollution Re- 
search for Year 1948 ('49). There 
has been no major change in program 
of research and this ‘48 report 
mainly one of progress in investiga- 
tions begun during previous years. 
Removal of calcium bicarbonate hard- 
ness in water by aeration in presence 
of added chalk has been studied fur- 
ther. Work will continue until it can 
be ascertained whether process likely 
to have commercial advantages. 
Expts. designed to find method by 
which sea water could be repeatedly 
reused for cleansing shellfish of polg. 
bacteria continued. At Minworth and 
Coventry, different methods of opera- 
tion of sewage percolating filters com- 
pared. Particulars given of results oi 
treatment by simple filtration, alter- 
nating filtration, filtration with re- 
circulation of effluent and _ filtration 
after bioflocculation. Use of Gam- 
mexane to control filter flies and its 
toxic dangers to fish, has been further 
studied. Removal of humus solids by 
filtration of effluent through sand and 
through anthracite another subject to 
study. Descriptions given of expts. 
on treatment of indus. wastes from 
processing sisal, coffee, grain; wastes 
from mfr. and of cider, pickling of 
steel; and waste waters contg. cyanide. 
Of great interest is report that, on 
behalf of Port of London Authority, 
exhaustive examn. to be made of 
causes of silting in Thames Estuary. 
Work to begin early in '49 to be car- 
ried out by Water Pollution Research 
Lab. collaborating with department's 
Hydraulics Research Organization. In 
addn. to lab. and field work, expts. to 
be made with large working model of 
estuary from Teddington to Nore, in 
which tidal movements can be repro- 
duced.—B.H. 


(Continued on page 50) 
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safe water 


or 
the best drink 
in the world? 


Engineers know there's a vast differ- 
ence between water which is only safe. 
and ozonated water which is safe, pala- 
table, and literally, the best drink in 


the world. 


If you're tired of fighting a continu- 
ous war with taste, color and odor . . . 
why not make inquiries now about the 
most modern, effective means of com- 
batting these difficulties? 

Perhaps you visited the nation’s 
largest ozone installation while attend- 
ing the recent AWWA convention in 
Philadelphia. In any event, you owe 
it to yourself to write for the complete 
Welshach-Ozone story. 


Your request will get prompt attention. 


WELSBACH 


OZONE PROCESSES DIVISION 
1500 Walnut St. Philadelphia 2, Po. 
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CORROSION 


Effect of Hydrogen Sulfide on Tur- 
bine Blades. A. Sriittcerper. Vom 
Wasser 17:140 ('49). Cracks ob- 
served on turbine blades in power 
plants traced to combined effect of 
stress and corrosion. Both intercryst. 
and imtraeryst. cracks found in all 
parts of blades in turbine stages where 
transition from superheated to satd 
steam took place All blades consisted 
of 5% Ni-steel caused 
mainly by action of H,S formed by 
decompn. of Na,SO, at superheating 
temps. above 275°. Na.SO, has been 
used for degassing of boiler feed- 
water. H,S could also be formed by 
reduction of Na,SO, contained in 
feedwaters of low alky. Increase in 
S content from 0.006 to 0.028% detd. 
in material sections showing inter- 
cryst. cracks. Exposure tests with 
pure Ni showed crack formation at 
H.S conens. as low as 0.004%. Time 
tests on blades of 5% Ni-steel with use 
of feedwater contg. 0.001, 0.01 and 
0.03 ppm. of H.S showed universal 
microscopic crack formation.—C.4 


Corrosion 


Phenolic Resin Coatings Baked by 
Induction Heating. ALien G. Gray. 
Products Finishing, 12:7:74 (Apr. 
Induction heating of thermo- 
setting phenolic coatings on metals 
superior 0 conventional baking meth- 
ods since it shortens curing time with- 
out lowering qual. of coating. Exact 
temp. control inherent in induction 
heating of addl. advantage in curing 
multiple coat systems. One example 
of application of induction heating is 
continuous coating and curing of 
phenolic resins on pipe. This process 
involves continuous passage of sand- 
blasted pipe through tank of coating 
soln., and then through electromag- 
netic field of sys. of induction heating 
coils actuated by low-frequency ac. 
Pipe section rapidly brought to de 


(Continued on page 5 


sired curing temp., e.g., to 350°F. 
within 5 min. at power input of only 
400 w. Baking time can be reduced 
by increasing amt. of power supplied ; 
total curing time also depends on re- 
activity and heat resistance of coating 
and rate at which pipe travels. Con- 
ventional baking times 20-60 min. at 
275-400°F. in elec.- or gas-fired circu- 
lating air ovens, infrared baking units 
or combination type of gas-fired and 
infrared equip. Boiler tubes protected 
by phenolic-resin baking coatings 
withstood exposure to boiling water at 
212°F. outside and heat radiation at 
675°F. inside. Steel pipes coated 
with phenolic resins practically un- 
affected by exposure of 4—6 hr. in cor- 
rosive soils and retained high gloss 
after cleaning.—Corr. 


Metallizing in Relation to Marine 
Engineering. J. B. Stites. Trans. 
Inst. Marine Eng. 60:12 (’48); Weld- 
ing J. 28:6:541 ('49); discussion, 
ibid., 28:7:659 ('49). both 
limitations and usefulness of metal 
spraying in shipwork. Equip. used to 
spray metal, characteristics of coating 
produced, methods by which bonding 
to base material achieved and _ tech- 
niques for finishing sprayed metal 
coatings discussed. Applications of 
process to marine eng. divided into 
reclamation of worn parts and protec- 
tive coatings to resist corrosion. Dis- 
cussion of protective coatings includes 
theory of corrosion, finishes applied 
subsequent to spraying, steel hulls and 
protection of miscellaneous parts. 
Corr. 


Stresses 


Sodium Nitrite as an Inhibitor 
Against the Attack of Sea Water on 
Steel. Part 1—The Influence of So- 
dium Nitrite on the Area and In- 
tensity of Attack. D. Wyiiir « G 
C. N. Cueesman. J. Soc. Chem. Ind., 
68:6:165 ('49). Prevention by so 
dium nitrite of attack of sea water on 
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IN CONTINUOUS OPERATION SINCE 
1913 WITH ONLY ONE OVERHAUL! 


i 


Wuen you purchase Simplex equipment, of whatever type, 
you will find the same features of ruggedness, long life, low main- 
tenance cost, and accuracy as did the user of the meters at 
Fargo, North Dakota. 

For full information, write to Simplex Valve & Meter Company, 
Dept. 9, 6784 Upland Street, Philadelphia 42, Pa. 


METER COMPANY 


q 
— 
our cléest Simplez Yentort Meter Sorted Bee 
original clock arive sechanie® cone with 
: clocks excep* the oldest i 
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steel studied in two ways. Observa- 
tion of extent and nature of corrosion 
of mild-steel specimens partially im- 
mersed in sea water contg. nitrite. 
Measurement of corrosion currents 
using divided cell. Appearance of 
widespread brown discoloration on 
steel at higher nitrite 
cussed and catalytic mechanism sug- 
gested for inhibiting action of nitrite. 
Effect of mixing phosphates and ni 
trite reported. 9 refs.—Corr 


conens. dis- 


New Chemical Treatment of Flood 
Water for Bacteria and Corrosion 
Control. J. N. Breston. Producers 
Monthly, 13:7:16 ('49) ; Oil & Gas 
48:96 ('49). Lab. tests alkyl 
amd aryl amine salts of high mol. wt. 
and certain condensed ethylene oxide- 
amine compds. have considerable acid 
corrosion-inhibiting properties as well 
as being effective bactericides for kill- 
ing aerobic and anaerobic bact. com- 
mon to oil field waters. These compds 
effective corrosion inhibitors at concns 
below 10 ppm.; some lethal! to bact. at 
conens. as low as 1 ppm. Following 
materials effective: Cationic Amine 
220, Bionol A, Arquad 2C, Arquad $ 
and Rosin Amine D-Acetate—C.A 


show 


ATOMIC ENERGY 


The Decomposition of Water by 


Radiation. W. |. Tounts. UCRL- 
583, U.S. Atomic Energy Comm/fssion 
Unclassified Does.; Nuclear Science 
Abstracts, 4:415 (May 15, '50). In 
order to account for observed decom- 
radiation (1.e., 
X-rays, protons, a particles, extreme 
ultraviolet, etc 
that primary effect of irradiation of 
water is creation of H atoms and OH 
free radicals 
problem indicates that decompn. of 
water is dependent on [1] rate of 
energy loss of radiation, [2] rate of 
diffusion, [3] interaction of decompn. 
products with H and OH free radicals, 


position of water by 


) it has been suggested 


General analysis of 


[4] probability of capture while in 
solvent cage and [5] purity of water. 
Decompn. of air-free water by radi- 
ation falls, essentially, into 2 groups. 
In one group, decomposition of water 
large, with result that number of H: 
and H,O, molecules almost equal to 
number of ion pairs created by radi- 
ation. This group characterized by 
only that type of radiation in which 
rate of energy loss greater than 70 
mev./gm./sq.cm. of water. This cor- 
responds to energies less than 6 mev. 
for protons and 125 mev. for particles. 
Second group includes all radiation 
with lower rate of energy loss and is 
characterized by total decompn. which 
is small and difficult to evaluate since 
minute impurities in water introduce 
additional complicating factors. In 
order to det. detailed mechanisms that 
control decompn. of water, it became 
necessary to study influence of O,, H, 
and H,O,. O, has high affinity for H 
decompn. and, therefore, its presence 
prevents recombination of H and OH 
radicals; effect of H, in O, aqueous 
solution is to eliminate interaction of 
OH and HO, and, therefore, enhance 
formation of H.O.; effect of H, on 
H.O, aqueous solution, on other hand, 
is to enhance decompn. of H.O.. 
Thus, from these and other experi- 
ments it was possible to det. influence 
of H, OH and HO, free radicals in 
decompn. of water. Most distinctive 
feature for any of free radical re- 
actions, however, was probability of 
capture while in solvent cage. Once 
this factor has been detd., range and 
lifetime of radicals can be calculated 
for any given set of conditions. Prob- 
ability of capture while in solvent cage 
depends on type of interaction ; radical- 
radical interactions have probability 
close to unity, while radical-molecule 
interaction probabilities may be as 
small as 10° and depend mostly on 
type of radical rather than molecule. 
Among free radicals, H atom is pre- 
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Whether it be a small town or a large city .. . 


HERSEY WATER METERS 


render a maximum of accurate service at a minimum mainten- 
ance cost. More than sixty-five years of water meter production 
back up this statement. 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 


SRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 
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dominantly active, mainly because of 
its relatively simple structure and its 
ability to diffuse rapidly. OH is next, 
HO, being least active —P.H.E.A. 


HEALTH AND HYGIENE 


The Provision and Maintenance of 
a Safe Water Supply for the Con- 
sumer. FE. F. W. Mackenzie. 
& Wtr. Eng. (Gt. Br.), 53:174 (Apr. 
50). Lecture delivered at Royal Inst. 
of Public Health and Hygiene, March 
15, '50. First need of supplier of 
water is to decide on source. Supply 
must be ample. When pold. beyond 
reasonable stage, policy in England not 
to use such waters should be adhered 
to. Few waterborne diseases common 
in British Isles. One can dismiss with 
no more than mention minor intestinal 
disorders caused by medicinal springs, 
irritant substances, and diseases due 
to animal parasites. There remain 


diseases of bact. origin and lead poi- 
soning. Dental fluorosis unsightly 
brown pigmentation of teeth. Goiter 
has been attributed to deficiency of 
iodine and dental caries less prevalent 
where fluorine content of water be- 
tween 0.5 and 1 ppm. Diseases of 
bact. origin: typhoid, paratyphoid, 
dysentery, gastroenteritis and cholera. 
Three others must receive mention: 
Weil's disease, poliomyelitis, and ame- 
bic dysentery. Even in water danger- 
ously pold. germs of disease usually 
so sparsely distributed that detection 
difficult. If Escherichia coli present. 
water potentially dangerous. Protec- 
tion of gathering grounds can no 
longer provide complete immunity 
against human poln. and purif. of 
water required. When pold. water 
stored in reservoir, it provides great 
measure of security. Slow sand fil- 
ters, if rate not excessive effect high 
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PROOF 
“STERELATOR EFFICIENCY” 


Actual BEST PROOF OF ALL— 
that Everson SterFlator® are 
DE PEN DABLE - BAPE - EFFICIENT 
to operate at LOW MAINTENANCE COST. 
Everson SterElatorS METER-MIX-FEED Chlorine 
sceurately for al! water sterelising requirements. 
for manual or automatic operation. 
SterFlatorS utilise a high vacuum 
The eden FLOW METERS have 0 10 to 1 ratio. 


Sterplators 


Chtcage 10, 


An extra value in quality . . . the 
men who make Kupferle Fire Hy- 
drants have been trained in a shop 
where precision rules and know 
how has been developed through 
more than three generations. 


Full lines for public and private in- 
stallations. Send for Specification 
Sheets. 


JOHN C. KUPFERLE FOUNDRY CO. 
ST. LOUIS 
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Drury-McNamee & Porter specified TOREX 
in color for filters as early as 1937 


RURY-McNAMEE & PORTER, Consulting Engineers, Ann Arbor, 

Michigan, specified Torex Enamel Deep Sea Green in 1937 for the 

submerged concrete filter basins at Highland Park, Michigan. Applied 
that year, Torex still beautifies the concrete. 


What Torex means to the client. A novel idea it was at the time, 
to paint submerged concrete with a cheerful color. Now most engineers 
recognize that Torex Enamel brings a sparkle to the water, a new beauty 
to the plant. Because of the tilelike Torex finish, the plant stays spot- 
lessly clean almost without effort. Deputy Superintendent Vern Hine- 
brook, pictured above, says: “I’m really proud of my filter plant!”’ 


Why does Torex last so long? Constant submersion in water does 
not soften the resistant rubber base. Nor dochemicals like soda, alum and 
chlorine. Torex remains tough and hard. It adheres firmly to the 
concrete. It never peels, blisters or powders off. 


It's eusy to specify Torex. Sample Specification: “All concrete sub- 
merged in water shall be painted with one coat of Torex Undercoater 
(1 gallon, 200 square feet) and one coat of Torex Enamel (1 gallon, 250 
square feet) in a color to be selected by the engineer.” 


If you wish to speak with the local Inertol representative about 
painting specs, please drop a postcard to: 


INERTOL CO., INC. 


19 South Park 480 Frelinghuysen Avenue 
San Francisco 7, Calif. Newark 5, N. 1 


Torez and Inertol—Trademarks Reg. U. 8. Pat. Of. 
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Chem. disin fec- 


degree of bact. ourit. 
tion can provide surest line of defense 
against bacteria, but is likely to give 
rise to false sense of security unless 


used in efficient manner under con- 
tinuous, expert supervision. In choice 
of method of purif. 3 general princi- 
ples should be observed: source should 
be protected against poln.; water 
should be subjected to purif. processes 
suffcient to convert it into safe sup- 
ply; and throughout purif. and distr. 
no opportunity should be given for 
water again to become pold. Water 
from many wells in chalk bacterially 
purest in England, yet deterioration 
has taken place in such wells—some- 
times suddenly, more often gradually. 
Water drawn from English rivers al- 
ways potentially dangerous. Much re- 
liance has been placed on chlorina- 
tion, Devices of great reliability now 
available whereby elec.-driven pumps 
will automatically be stopped should 
dose of chlorine delivered into water 
fall below predetd. level. Having se- 
lected processes for purif. next essen- 
tial is skilled staff. Maint. of supply 
in state of safety of no less impor- 
tance than its production. Every 
water works employee who might have 
opportunity of contamg. water must 
be examnd. to ascertain whether he is 
waterborne disease carrier. Most et- 
ficient use of complicated processes of 
purif. depends on lab. control —H. 
Babbitt. 


The Fluorine Content and Other 
Chemical Characteristics of Potable 
Waters in New South Wales. To- 
gether with a Discussion of the Re- 
lationship Between Fluorine and 
Dental Caries. P. B. Jones. Dental 
J. (Australia) 21:231 (49). Sam- 
ples of H,O from 55 towns examd. for 
F, Ca, Mg and permanent hardness. 
Only 2 samples had over 1 ppm. F 
(Warren, 1.25; Carinda, 1.15). Ma- 
jority contained less than 0.2 ppm. F. 
Signif. of results discussed in relation 
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Some 
samples of drinking H.O from New 


to caries incidence in Australia. 


Guinea and Papua also analyzed; 
max. F content of 0.8 ppm. obtained. 
94 references.—C.A. 


Note on Increase in Endemic Ty- 
phoid in France. P. CHASSAGNE. 
L’Eau (Fr.), 37:53 (Apr. ’50). Peak 
of epidemic occurred in June °49, 
when average morbidity was 97.6 per 
100,000 inhabitants, as compared with 
32.2 in June "48. Total cases in ‘49 
were 22,478, with index of 54.1, com- 
pared to 10,142 in '48, with index of 
25 per 100,000 pop. Observed that 
when rainfall greater incidence higher, 
probably because rains carry pollu- 
tional matter into surface and subsur- 
face water supplies. In general, 
densely populated and industrial areas 
have highest incidence. Official rec- 
ommendation: chlorinate to 0.1-ppm. 


Rudolfs. 


The Problem of Safety and Indus- 
trial Hygiene in Water and Sewage 
Works. Evcentusz Goreckr. Gaz, 
Woda i Tech. Sanit. ( Poland), 24:103, 
149 (Mar., Apr. ’50). Classification 
of hazards in water works proposed 
based on listing in use by International 
Labor Bureau, Geneva, Switz. Re- 
view presented of existing Polish reg- 
ulations pertaining to approved prac- 
tices with electrical equipment, steam 
plants, rigging, welding, etc. Hazards 
associated with excavation, backfilling ; 
asphyxiation from leaking gases dur- 
ing excavation, in manholes and obser- 
vation wells; chlorine poisoning from 
use in unventilated areas or from leak- 
age; electrocution from contact with 
electrical currents in damp locations; 
slipping or falling on catwalks, stairs, 
slippery surfaces, etc.; falling or 
drowning in tanks or openings im- 
properly lighted or barricaded. Means 
of correcting these hazards outlined. 
Extended discussion presented on use 
of lamps, etc., for identifying and test- 
ing various gases.—Conrad P. Straub. 
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Easy to lay : 
MECHANICAL 


Mah] VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 


The wide use of Standardized 
Mechanical Joint Cast Lron Pipe for 
water supply systems has created 
an urgent demand for Mechanical 
Joint Valves, Hydrants and Acces- 
sories. M & H has been a leader 
in recognizing this important trend 
and can supply AWWA Gate Valves 
with Mechanical Joint ends, in sizes 
2” to 30” inclusive . . . . Mechani- 
cal Joint Cutting-In Sleeves . .. . 
and Mechanical Joint Hydrants in 
all sizes and all types. 


M & H Mechanical Joint features 
are: Ease and speed of installation, 
construction economy, joint deflec- 
tion, leak-tight, long life. Used 
with AWWA, Classes A, B, C, D; 
Federal Specification WW-P-421, or 
Classes 100, 150, 200, 250 Centri- 
fugal Pipe. 


Fig. No. 67M 


WRITE FOR 
CIRCULAR NO, 49 


Our New Circular No. 49 shows im- 
portant installation dimensions of M & H 
AWWA Mechanical Joint Hydrants and 
Valves .. . . Underwriters and JAssocia- 
ted Factory Mutual approved Post In- 
dicator Valves .... and Cutting-In 
Sleeves. 
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MILITARY SUPPLIES 


Water Supplies in Aircraft. RK. H. 
Bareetr. Bul. Ministry of Health & 
Pub. Health Lab. Service, 7:39 (Feb. 
48). This is short note dealing with 
water supplies at airports and in air- 
craft. At airports there should be 
piped supply which has been subjected 
to filtration and chlorination, which 
may be carried out in tanks. Supply 
points should be raised from ground, 
and delivery hose should be attached 
to gantry. Open portable containers 
should be avoided, but special flasks 
with wide mouths and screw caps may 
be used so long as they are cleaned and 
sterilized. Mobile containers which 
can be moved close to aircraft satis- 
factory if properly constructed and 
maint.; they should be cleaned by 


hand, flushed and chlorinated every 


third day. In aircraft, tanks vary 
greatly in size and position. Author 
makes point that all water should be 
pure, and therefore there should be no 
distinction (as often made) between 
drinking and ablution water. Filters 
should not be used, but tanks should be 
inspected, cleaned and sterilized each 
day; they should be emptied and 
drained at end of each day’s flight, 
and refilled shortly before starting. 
All tanks should be cleaned by hand 
or steam jet on return to base, or at 
least once every 3 months.—B.H. 


DISTRIBUTION SYSTEMS 


Copper Water Pipes. ANon. Wrr. 
& Wtr. Eng. (Gt. Br.), 53:124 (Mar. 
50). British Non-Ferrous Metals Re- 
search Assn. has for several years 
been studying behavior of copper in 
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SIMPLICITY of American Meters 
OFF F for Vou! 


Buole AMERICAN Meters’ ore simply, 
designed, with fewer working parts 
save money for you through lower 


Write for detoils. 


BUFFALO METER 
COMPANY | 


Please adviseA.W.W.A. prompt- 
ly of any change in your mailing 
address. Leaving a forwarding 
address at your old post office is 
not enough, because postal regu- 
lations require periodicals to be re- 
turned to the sender if not claimed 
at the original destination. 


Prompt notification will keep 
your Journals and other commu- 
nications comirg to you without 
annoying delays and lapses. 


American Water Works Assn., Inc. 
500 Filth Ave. New York 18, N.Y. 
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osts with easy-to-install . 


ASBESTOS-CEMENT PIPE 


Hundreds of communities the country 
over have discovered that they save 
dollars by the mile with water mains 
of “Century” Asbestos-Cement Pipe. 
This modern main cuts over-all water 
system costs three ways: 


First, the initial cost of the pipe is 
moderate. And, because “Century” 
Pipe is so light-weight and strong, it is 
pony and economical to haul and 
to handle. 


Next, “Century” Pipe costs less to 
install—no heavy laying equipment is 
needed. And the “Century” Simplex 
Couplings* let you lay curves of as 
much as 5° deflection per pipe length 
quickly and easily. 


Finally, you get real, long-term system 
economy. “Century” Pipe is made of 
two practically indestructible materials 
—asbestos fiber and Portland cement. 


It cannot tuberculate— inside diameter,” 


initial flow capacity, and pumping costs 
remain constant. Being non-metallic, 
“Century” Pipe defies electrolysis, is 
highly resistant to soil corrosion, needs 
no protective coating. You can count 
on “Century” Asbestos-Cement Pipe 
to last longer with a minimum of 
maintenance! 


* “Century” Pipe 

with Simplex 
Couplings supported on bridge. Note thot 
“Century” Pipe needs no protective painting 
—external corrosion factors can't affect it 
either in the ground or in open air. inert photo 
is cut-away of assembled Simplex Coupling. 


*WHAT YOU SHOULD KNOW 
ABOUT SIMPLEX COUPLINGS 


Made of the same materials as “Century” 
Pipe—asbestos fiber and Portland 
cement. 


Only three parts—an asbestos-cement 
sleeve, and two specially com nded 
round rubber ts. Couplings are 
assembled quickly and easily. 


Nature made shisbeslos... Keaabey & Mattison has made it serve mankind since 1873 


“Century” Simplex Couplings give you 
a combination of immediately and per- 
manently tight joints that are, at the 
same time, flexible and vibration resistant. 


In the photo above, you see light-weight 
“Century” Pipe supported over a creek 
bed. The Simplex Couplings every 13 ft. 
act as expansion joints—actually absorb 
the bridge vibration of passing traffic. 


© Before you specify or buy any water main pipe, 


it will pay you to investi 


te “Century” Asbestos- 


Cement Pipe. Write us for complete information. 


KEASBEY & 


MATTISON 


COMPANY + AMBLER + PENNSYLVANIA 
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supply waters with particular refer- 
ence to pitting type of corrosion which 
occurs occasionally in certain dists., 
particularly in cold-water pipes. As 
result, Assn. now states: [1] No evi- 
dence to establish superior corrosion 
resistance of either of 2 grades of 
copper allowed by British standards. 
Phosphorus-deoxidized nonarsenical 
copper (B.S. 1172: '44) and phos- 
phorus-deoxidized nonarsemical cop- 
per (B.S. 1174: 44) equally satisfac- 
tory. [2] Pitting corrosion of copper 
cold-water pipes usually due to car- 
bonaceous films produced inside tubes 
by some mfg. conditions. [3] Pitting 
corrosion does not occur in majority 
of supply waters even if carbonaceous 
films present. [4] No evidence con- 
cerning effect cf carbonaceous films 
on serviceability of hot-water pipes. 
Two types of corrosion of copper wa- 
ter pipes observed are “green staining” 
and “pitting.” Former experienced 
with waters contg. high proportion of 
CO,. Hot-water pitting seems to be 
confined to soft moorland waters, 
whereas cold-water pitting mainly 
confined to hard borehole waters, al- 
though its incidence bears no apparent 
relationship to usual water anals. 
Close correlation found between car- 
bon present in carbonaceous film and 
pitting in cold water. Both car- 
bonaceous films and oxide scales lead 
to pitting in cold waters, which do 
not contain inhibitor, by providing 
large cathodic areas that localize at- 
tack at pores in film or scale. Ample 
evidence that copper water pipes free 
from such carbonaceous film and 
oxide scales satisfactory even in un- 
inhibited waters.—H. E. Babbitt 


A Cleaning Machine for Large Wa- 
ter Mains. G. H. Lunt. Chartered 
Civ. Engr., p. 7 (Mar. ’50). Account 
of cleaning machine used on Steen- 
bras-Newlands pipeline carrying wa- 
ter into Cape Town, completed in '28. 


Line 32” id. and approx. 33 mi. long, 
with 4” cement lining. Owing to de- 
posit of thin layer of soft slime on 
wall of pipe, delivering capac. dropped 
20% in first 10 yr. First cleaning 
showed that steel wire brushes used 
had to be replaced every 6 mi. owing 
to wear, causing considerable delay in 
completion of work. Problem suc- 
cessfully solved by design of new type 
of adjustable brush, consisting of two 
circular 4” steel cover plates 2’ 4” in 
diam. between which are mounted 8 
brush segments, and cam drum con- 
structed with & cams, drum being 
keyed to 2”-diam. shaft which carries 
brushes. Each segment slotted to take 
4 guide bolts fixed to back plate of 
brush to allow for travel of segment 
required to expand brush. Novel fea- 
ture of machine is water-driven sound- 
locating devices incorporated to avoid 
possibility of its becoming lost in, say, 
3-mi. section of line. These devices 
very successful and could easily be 
heard on placing ear to ground when 
machine had stopped temporarily due 
to insufficient opening of valve to 
build up required back pressure. For 
cleaning, pipeline cut in about 50 
places, before and after every valve 
and 45-deg. bend, length between cuts 
ranging from 4 to 3 mi. To obtain 
complete removal of org. matter from 
cement Jining, each section had to be 
brushed through twice.—d. 


PUMPING EQUIPMENT 


Installation of Centrifugal and Pro- 
peller Pumps. W. 
Wer. & Sanit. (Can.), 88:7:20 (July 
"30). Effect of entrance conditions 
at pump suction, position of suction 
pipe inlet relative to sides and floor of 
well and to suction pipes of other 
pumps drawing from same well dis- 
cussed, together with safe height of 
pump above water in well. Free entry 
of water %©6 suction pipe most impor- 
tant. entry velocities not harm- 
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Economy Double Suction Pumps meet your needs ... for 
most any volume. More than 1500 ratings designed for every 
type drive assure you the right pump for your requirements .. . 
with these advantages: 


1. Complete rotor may be removed without exposing bearings 
which are enclosed in removable cartridges. 

2. Shoft sleeves sealed to prevent leakage between sleeve and 
shaft. 


design. 
Flanged wearing rings “L" shaped, inward flow. 
All parts made to limit gauges for interchangeability. 
6. Unusually effective water seals. 
7. Ne threads in center of shaft to start fatigue failure. 
8. Large wells for lubrication with flushout for old lubricant. 


For full details write Dept. AG-9 for Catalog 1147-A. 
Centrifugal, axial and mixed flow pumps for all applications. 
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The Quest for 
Pure Water 


in 1450 B.C. 


(as pictured on the wall of the tomb 
of Amenophis II at Thebes) 


Not so much what hap- 
pened in the 550 years before 
this, but what has followed 
to bring water works practice 
to its present state of devel- 
opment is the story told in 
authoritative detail by M. N. 
Baker in his history of water 
purification from the earliest 
records to the 1940's 


466 Text Pages 
73 Illustrations 
900 References 


List Price 


Special Price to Mem- 
bers who send cash 
with order 


Order from 
American Water 


Works Association 
500 Fifth Avenue New Yort: 18, W. Y. 
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ful, provided water can enter without 
whirls and eddies and at sufficiently 
high pressure. Suction pipe should be 
not smaller than suction nozzle. Co- 
operative study of cavitation resulted 
in set of curves showing for each spe- 
cific speed and head min. pressure, or 


| max. vacuum, allowable at entrance to 


287 (July °49). 


| Certain Aspects of the Performance 


impeller, including friction loss in suc- 
tion piping and velocity head in suc- 
tion nozzle, as well as height of pump 
above well. Application of these 
curves to specific installation dis- 
cussed. Propeller pumps very sensi- 
tive to suction conditions.—R. E. 
Thompson. 


of Centrifugal Pumps. S. F. Gim- 
Key. J. South African Inst. of Engrs., 
Paper attempts to 


| draw picture of what is actually taking 


place inside pump. Under certain 
working conditions, low absolute pres- 
sure at eye of impeller causes water 
vapor cavities to form in mass of fluid. 
Vapor particles collapse when arriv- 
ing at regions of higher localized 
pressure and thereby give rise to char- 
acteristic crackling noise and vibra- 
tion. This breaking down of vapor 
bubbles causes particles of water to 
strike impeller vane at very high 
veloc.; this impact, called implosion, 
causes particles of metal to be re- 


_ moved, and eventually pitting occurs. 


trifugal 


large. 
| ence 


Theoretical head-capac. curve for cen- 
pump gradually dropping 
curve when vane angle y a discharge 
circumference of impeller large. With 
smaller angle y, head-capac. curve 
drops at quicker rate, i.e., head gen- 
erated by impeller increases more 
quickly with increase of delivery. Ac- 
tual head-capac. curve, obtained ex- 
perimentally, often rises above ideal 
one and then drops below it when 
Probable explanation of differ- 
between theoretical and actual 


| shape of these curves is that at low 


rates of discharge there is in actual 
(Continued on page 64) 
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DEPENDABLE 
CONTROL 


Specify KENNEDY 
Iron-Body Double-Disc Gate 
Valves for Water Service 


Check your Valve requirements agoinst this handy 
chart: NOTE: 3” thru 48” are all A. W.W.A. Standard 


TYPES OF VALVES AVAILABLE—Non-rising Stem and Outside Screw & Yoke 


Connections Available 


Bell Ends. 

Screwed 

Flanged 

Mechanical Joint 

Universal 

Transite 

Spigot Ends. Yes 


16" — 


Combination Ends 


Yes 


Rollers for Horizontal 
Operation 


Stem and Stem Nut 


Spur Gears. 

Bevel Gears. . . 
Gear Cases. 
Electrical Control 
Cylinder Control 
Square Bottom... . 
Indicator 


Accessories Available 


Manganese 
Bronze 
60,000 Ib. 
Tensile 
strength 


available 
available 


available 


WRITE FOR BULLETIN 59 


Manganese 


Bronze 
60,000 tb. 
Tensile 
strength 


available 
available 
available 
available 


30°00" 


Bronze on Bronze on 
bronze track bronze track 
Manganese Manganese 
Bronze Bronze 
60,000 Ib. 80,000 tb. 
Tensile Tensile 
strength strength 
available available 
available available 
available Standard 
available available 
available available 
available available 
available available 


available available 


LOW PRESSURE VALVES CAN BE FURNISHED IN THE ABOVE TYPES, SIZES AND ACCESSORY EQUIPMENT. WRITE FOR BETANS. 


THE 


KENNEDY 


é 


VALVE MFG. CO. 
1032 EAST WATER ST. 
ELMIRA, NEW YORK 


= VALVES PIPE FITTINGS FIRE HYDRANTS 
OFFICE-WAREMOUSES IN NEW YORK, CHICAGO, SAN FRANCISCO - SALES REPRESENTATIVES IM PRINCIPAL CITIES 
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pump certain amt. of recovery of en- 
ergy in volute. This is often entirely 
ignored in usual theoretical deduc- 
tions. With larger quants. delivered, 
particularly when latter in excess of 
those for which volute designed, fric- 
tion and shock losses in pump greater 
than gains in head due to change of 
kinetic to pressure energy, end actual 


curve then falls below theoretical 
curve. Theoretical characteristics may 
be entirely stable, whereas actual 
curve could be unstable. Also well 


known that in some centrifugal pumps 
power characteristic rises continuously 
with increase in discharge, whereas in 
others max. value at 
discharge corresponding to max. ¢ff.. 
and lower bhp. value for discharges 
greater or less than this. Pump hav- 
ing latter bhp. discharge characteristic 


power has its 


said to have self-regulating or non- 
overloading features. In these, driv- 
ing motor cannot be overloaded due to 
possible alterations in hydraulic condi- 
tions, as max. power demand at given 
speed fixed. Pump not designed on 
self-regulating principle and operating 
at max. eff. usually has driving motor 
with rating 30% in 
working head as 

against increase in load caused by de- 


excess of its 
safety measure 
crease in head. Paper concludes with 
results of tests to obtain 
record of pump characteris- 


series oft 
mmiplete 


tics under normal and extreme oper- 


ating conditions for 4 pump assem 
blies —kd. 
TREATMENT—GENERAL 
Water Softening With Barium 
Salts. L. Schweiz 
Arch. Angew. Wiss. u. Tech. (Ru- 
mania), 16:21 ('50). Usefulness of 


BaCh, BaCO,, Ba(OH). and BaALoO, 
as water softeners investigated. BaCl, 
and BaCQO, elimind. as uneconomical. 
Ba(OH), and BaAl.O, (which by 
hydrolysis act like Ba OH),) effective 


only if crude H,O contains no Mg 


ions or only Mg ions and no Cl ions. 


C.A. 


Dynamics of Aeration—Aeration of 
Clean Water. A. Hotroyp « H. B. 


Parker. Inst. Sew. Purif. J. & Proc., 
p. 292 (’49). Authors develop the eq. 
dce/dt= KD, where dc/di=rate oi 


aeration with ¢=concn., D =O, de- 
ficiency below satn., and K = fA/V, 
where f = gas-transfer rate, 4 = area 
of aeration surface exposed, and V’ 
= water vol. If D taken as unity, K 
can be defined as rate of aeration. 
Normal value of K in good aeration 
about 4.0. By making ests. of D at 
known time intervals (¢) in course of 
aeration, K can be caled. from 2.3026 
loge D./D,=Ki(t.—t,) or slope of 
its plot. Nature of variables in rela- 
tion K = f4/V' and theory of aeration 
discussed in detail. Two-film theory 
of gas transfer assumes that actual 
interface, to depth of few mols., in- 
stantly satd. with O,. Latter, to reach 
body of water, must diffuse through 
nonconvecting liq. film, which may 
vary from 1.5-2 mm. for very still 
water to less than 0.004 mm. on sur- 
face of rising bubbles. In this in- 
stance, f = 1) x, where D= diffusivity 
of O, in water and + = apparent 
thickness of nonconvecting film. lf 
time of exposure insufficient for this 
form of transfer to estab- 
lished, e.g., in heaving water, transfer 
will be governed by Fick's law of dif- 
fusion. Then f= where 
t, = time of exposure, and can assume 
very high values. In diffused aera- 
tion tests in an 860-gal. tank with 
water depth of 11’ and air flows of 
1-3 cim., values of 2.4-6.9 found for 
K at 15°, relation between K and air 
flow being approx. linear. Expts. in 
lab. unit (water depth 24 cm.) per- 
mitted evaluation of f. Values of K 
ranging between 4.85 and 5.12 found 
and, by varying diffuser depth, caled. 
that 450-sq.cm. top surface area con- 


become 


2\ 
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IN fLECTRIC BOAT th 
TIPTOP SHAPE 
AFTER 22 YEARS 


One of the many users of NO-OX-ID rust pre- 
ventives has this to say . . . “the interior of our 
100,000 gallon sprinkler tank has been coated 
with NO-OX-ID “A Special” every five years, 
and the interior is in excellent condition, we 
think, solely because of the use of your product.” 

This is typical of the reports we get from cus- 
tomers who have been receiving the benefits of 
NO-OX-ID protection against corrosion for 
many years. NO-OX-IDs not only protect the 
interior of water tanks against corrosion, but 
they also protect and beautify the exterior. Con- 
sult your Dearborn engineer . . . he will be glad 
to discuss with you your rust preventive problems. 


SEND FOR 
“NO-OX-ID 
VERSUS WATER" 
W's interesting booklet 
which demenstretes the 
mony vier ond benefits of 


NO-OX-If)s in the weter 
works fold 


Dearborn Chemica! Company 
510 S. Michigan Dept JA 
Chicago 4, Ilinots 


DEARBORN CHEMICAL COMPANY 
310 S. Michigen Ave. Chicago 4, Ill. 
Geatlemen: 


Please send me a copy of Dearborn “NO- 
OXAD Versus WATER” booklet 
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tributed K = 1.9 and the 24-cm. bub- 
ble column K = 3.05, aeration owing 
to latter being directly proportional to 
depth of column. For bubble surface, 
f was 178 cm./hr. and apparent thick- 
ness of nonconvecting film around 
bubbles caled. to 0.0037 mm. Attempt 
to suppress surface aeration by apply- 
ing layer of paraffin oil unsuccessful, 
clear opening of heaving water ap- 
pearing above rising bubble column 
This enabled approximations to be 
made of f for immobile and heaving 
water surfaces, values being 24 and 
264 cm./hr., respectively, mode of 
aeration in latter being Fick’s law 
rather than film transfer. With app. 
consisting of 3 Al disks revolving 
partially submerged in semicircular 
tank and designed to produce new sur- 
face at defined rate and expose it for 
time, values for f obtained 
which were much lower than calcd. 
values but which gave similar curve 
when plotted against ¢,. Ests. taken 
from photographs, of size distr., veloc. 
and surface area of bubbles in std. lab. 
diffused air column included. Effect 
of detergents on characteristics of 
bubble stream and on aeration referred 
to briefly. —C_A. 


defined 


The Theory of the Transfer of Oxy- 
gen to Water. A. Pasverr. In- 
genieur (Neth.), 61:50:G61 ('40). 
In water intermittently at rest and in 


condition of sudden total mixing, 
t.)] log (C,—C;)], 


where & = diffusion const. of O (cm.* 
sec.-'), n = no. of periods of rest and 
mixing; @/v =hypothetical surface 
per unit vol.; ¢ = hypothetical time of 
existence, {= time, C, =O concen. of 


satd. soln., C,.=O concen. at 
C,=conen. at t=t. m is 
found by expt. Question whether 


aeration most efficient in deep or shal 
low tanks discussed.—C.4 


Recirculating Cooling System Wa- 


ters. E.G. Hammerscumipt. Petro- 
leum Engr., 22D:3:77 ('50). Gen- 
eral report of cooling of internal- 


combustion engines with recirculated 
cooling waters. Factors to be con- 
sidered in conditioning water to pre- 
vent scale and sludge formation sum- 
marized.—C .A. 


Water Quality Control for Re- 
frigeration Cooling Towers. RKatpn 
M. Westcott. Refrig. Eng., 58:372 
(’50). Basic chems. used under com- 
petent supervision will usually give 
more satisfactory and controllable re- 
sults than use of proprietary products. 
No fixed combinations of chems. or 
water treatment method will assure 
satisfactory results in all situations. 
Chemistry of water to be treated must 
be detd. and periodically checked to 
be sure changes have not occurred 
which were not provided for in treat- 
ment process.—C.A. 


Deaeration of Long Siphons. Ic- 


nacy ProtTrowsk1. Gaz, Woda i 
Tech. Sanit. (Poland), 24:91 (Mar. 
‘50). Gases arise from two sources: 


from ground water and from possible 
leakage into siphons because of re- 
duced pressures. Former readily de- 
terminable ; latter cannot be estimated 
with any degree of accuracy before- 
hand, since it is dependent upon ade- 
quacy of construction. Gas accumu- 
lating in lines must be removed, since 
disturbances or even stoppages may 
result. Several methods proposed for 
deaeration, including vacvum pumps 
with air chambers ahead of suction 
pumps, ejectors and several types of 
automatic equipment for continuous 
removal of accumulating gases. Two 
types of latter which have been used 
successfully in past are [1] Lindley 
deaeration system, consisting of series 
of gooseneck pipes on vertical risers 
of siphon in which flow velocities are 
increased to such point that accumu- 
lated gases are carried along with 


(Continued on page 68) 
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There’s no gauge like FLO- 
GAGE for simplicity, economy, 
and all-around usefulness. Now, this compet rate of flow indicator 
packs another big feature: positive, automatic protection against over- 
loads and reverse differentials! 


Other features of the Builders FLO-GAGE: Accurate — easy to read — 
low cost — requires no mercury or auxiliary power supply — no stuffing 
box — negligible maintenance — simple design — durable construction 
— ideal for water, steam, air or gas lines. For information and descrip- 
tive Bulletin, address Builders-Providence, Inc. (Division of Builders 
Iron Foundry), 365 Harris Ave., Providence 1, R. |. 


BUILDERS PRODUCTS 
The Venturi Meter 
Propeloflo and Orifice Meters 
Kennison Nozzles 
Venturi Filter Controllers and 
Gauges 


Conveyoflo Meters 
Type M and Flo-Watch Instruments 
Wheeler Filter Bottoms 
Master Conffoliers 
Chlorinizers—Chliorine Gas Feeders 
Filter Operating Tables 
Manometers 
Chronoflo Telemeters 
Easy to install with orifices or other 
differential producers. 


BUILDERS*@PROVIDENCE 
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a. 


Membership 
Certificate 


A fine newly designed 
parchment paper member- 
ship certificate for A.W. 
W.A. members is now 
available in 9 by 12 inch 
size, suitable for framing. 


Send your name—ex- 
actly as you wish it to ap- 
pear—and enclose 40¢ in 
coins or stamps to cover 
cost of lettering and mail- 


ing. 

The certificate will be de- 
livered within 15 days of 
receipt of order, ready for 


you to frame and hang in 
your office. 


AMERICAN WATER WORKS 
ASSOCIATION 


500 Fifth Ave., New York 18, N.Y. 


| (Continued from page 66) 

liquid flow; and [2] venturi method, 
in which air chamber installed at high 
| point of line and pipe carried from it 
to throat of venturi tube; increased 
velocity through throat draws gases 
out of air chamber and they are car- 
| ried downstream. Two more recent 
devices described, one developed by 
Steinwender in ‘40, based on model 
studies in Vienna, and second, simpli- 
fied version of same type of installa- 
tion in use in Prague, Czechoslovakia. 
In these installations main line of 
siphon branches into two vertical 
risers of different diams. but both 
smaller than diam. of mainline. 
These risers carry gases from peaks 
of siphons by means of flow veloc. 
Units operate as follows: After siphon 
filled to middepth by vacuum pump, 
pump disconnected and degasification 
continues automatically. When level 
of liquid falls below middepth, it dis- 
charges through smaller of two verti- 
cal risers. Steinwender drew follow- 
ing conclusions based on model stud- 
ies: [1] water veloc. of at least 0.3 
m./sec. must be maintained in riser 
pipes for satisfactory removal of 
gases; |2] deaeration takes place au- 
tomatically even when discharge re- 
duced to 1.75 L/sec., approx. 8% of 
max. discharge; [3] deaeration pro- 
ceeds automatically at varying rates 
of discharge; and [4] loss of head due 
to installation of various units in 
siphons exceedingly small.—Conrad P. 
Straub 


HYDROLOGY 


Mass Curve Studies of Auckland 
[New Zealand] Rainfall. A. D. 
Meap. Wtr. & Wtr. Eng. (Gt. Br.), 
§2:607 (Dec. '49). When desired to 
increase min. flow of natural stream 
by storage, amt. of storage needed to 
obtain any required degree of benefit 
ascertained by plotting mass curve of 
stream, commencing at termination of 
wet period and running over dry pe- 
riod into subsequent wet period. On 
same diagram, mass curves of varying 


(Continued on page 70) 
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HOW LONG 
is a water line? 


Measure it in labor time, and you'll 
discover that any water supply or 
force main is shorter when you use 
Armco Welded Steel Pipe. 

That’s because Armco Pipe is so 
easy to handle and install. The 
whole job goes faster, smoother 
and more profitably. Lengths up to 
50 feet mean fewer joints—there 
are just 106 in a mile. Even these 
go together quickly using standard 
couplers or by field welding. 

You can use Armco Steel Pipe 
with complete confidence. It has a 
high safety factor against internal 
or external pressures. And the pat- 


ented method of manufacture per- 
mits visual inspection of both sides 
of the pipe wall to guard against 
flaws. A spun-enamel lining assures 
continued high flow capacity, pre- 
vents tuberculation, stops costly 
cleaning. 

With Armco Steel Pipe you can 
match exact job requirements 
save time, labor and money. Diam- 
eters range from 6 to 36 inches; 
wall thicknesses from 9/64- to 1/2- 
inch. Write for complete data. 
Armco Drainage & Metal Products, 
Inc., Welded Pipe Sales Division, 
1205 Curtis St., Middletown, Ohio. 


ARMCO WELDED. 
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rates of drawover greater than min 
flow. Mass, or progressive summa- 
tion of stream flows or rainfalls over 
period of time, when continued for 


several years, if plotted on normal 
rectangular diagram, requires long 
vertical scale for accurate scaling. 


One method of obviating this is by 
plotting on framework having diago- 
nal in lieu of horizontal lines. Other 
method is by means of residual mass 
curve obtained by summing residuals 
left by subtracting mean from actual 
flow, mass curve then fluctuating about 
horizontal line. Unless stream gaging 
undertaken on more extensive 
no likelihood that any series of gag- 
ings available will be of sufficient 
duration to give engr. right to assume 
that limit periods of drought covered. 
Study of mass curve drawn from 
monthly rainfalls at Auckland shows 
that dry periods more frequent than 
would have been revealed by table of 
annual rainfalls —H. FE. Babbitt. 


scale, 


ANNUAL REPORTS 


Little Rock (Ark.) Water Works. 
Annual Report (1949). Supply from 
L. Winona, 1240 acres area, 14,000- 
mil.gal. capac., avg. depth 32.6’, max. 
depth 100’, watershed 43-sq.mi. un- 
inhabited pine forest, almost wholly in 
Ouachita National Forest. Capital ex- 
penditures $463,799, bringing total in 


14 yr. of municipal ownership to $2,- 
725,830, financed entirely from earn- 
ings Fixed assets $9,260,067, total 


plant assets $10,812,128, funded debt 
$5,486,000, surplus $4,283,943. Oper 
ating revenue $964,851, operation and 
maint. $413,370, fixed charges $225,- 
921, net income $355,281, debt retired 
$112,000. Cost of water to domestic 
consumers reduced from 42.3¢ per 
1000 gal. in '36 to 33.4¢ in (220) 

avg. monthly water bill 
reduced from $1.84 to $1.57, rates re- 
duced in ‘40 and "45. City pop. 123,- 
000, pop. served 160,000. Watershed 
surveyed to develop long-range log- 


domestic 


ging and conservation program. 
Pipeline to filter plant in city, 230’ 
lower in el., 33 mi. long, 39” diam., 
capac. 25 mgd. Free residual chlo- 
rination to control growths in pipeline. 
Water filtered 12.5 mgd. (max. 17). 
4 new filters (8 mgd.) during yr., in- 
creasing rated capac. to 23 mgd., cost 
$239,576. Mains 313 mi., hydrants 
1317, meters (100%) 26,947 Service 
cars (11) equipped with 2-way radios. 
Consumption: production basis 77 
gpd./cap., sales basis 66. Coagulation 
basins (4.6-hr. detention) equipped 
with Dorr flocculators, clear-water 
storage 10.5 mil.gal. Chem. costs per 
mil.gal.: alum $1.08, lime 49¢, Cl $1.01, 
anhydrous NH, 25¢, vitreous phos- 
phate $1.11, soda ash 2¢, total $3.96. 
Max. and avg. anal. data, ppm.: tur- 
bidity—raw 18 and 13, settling basin 
effluent 10 and 6; hardness—raw 14 
and 10, effluent 29 and 20; free CO.— 
raw 18 and 7, effluent 3 and 0; pH— 
raw 7.1 and 6.3, effluent 9.8 and 8.4; 
color—raw 45 and 13, effluent 0; 
threshold odor—raw 16 and 6.3, efflu- 
ent 22 and 7.4; residual Cl—raw 0.53 
and 0.31, effluent 0.62 and 0.35; avg. 
coliform index per 100 ml., effluent 
0.028. Hydrant rental, city $23.33, 
Cammack Village $35. Rates 6.75~ 
23.5¢ per 100 cu.ft., min. charge per 
mo. (4” meter) 94¢.—R. E. Thompson. 


Long Beach (Calif.) Water Dept. 
Annual Report (Year Ending June 
30, 1949). Water sales $2,187,305, in- 
crease of $318,666, largely due to new 
rate schedule. Total income $2,242,- 
056, net earnings after depreciation, 
$624,388. Wholesale price of softened 
Colorado R. water purchased from 
Metropolitan Water Dist. increased 
from $15 to $18/acre-ft. Total ex- 
pense $1,617,668, including depreci- 
ation of $245,869 and bond interest 
of $166,325. Improvements completed 
and capitalized $763,425. General- 
obligation bonds, $6,400,000, approved 
by electors to finance extension plan, 
sold at avg. interest rate of about 2%. 


(Continued on page 72) 
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On a 
good will 
INISSTON «a+ 


Willing Water is your ambassador extraordinary. Intro- 
duce him to your customers... he’s the most convincing 
salesman in water works history . . . and he’s ready right 
now to join or to be your public relations staff. Let him 
explain your problems, answer your complaints, carry your 
bills ... let him symbolize your efforts to render service to 
your community. You'll find him equal to every demand. 

And while he’s winning over your public for you, you'll 
find he’s made a permanent place for himself among your 
personnel. He speaks the language of every employee and 
is just as willing to instruct, counsel or command as he is 
to share in your entertainment or recreation. 

Right now you can purchase his services in the form of 
low-cost blocked electrotypes or newspaper mats in 32 
different poses. Write now for a catalog and price list to: 


AMERICAN 
WATER WORKS 
ASSOCIATION 


500 Fifth Avenue 
New York 18, N.Y. 
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Bonded debt $7,620,000. Avg 
consumption 28.57 mgd., 53.8% from 
wells, 46.2% from Metropolitan Dist 
Percentage of water unaccounted for 
6.04. Per capita consumption by 280,- 
000 pop. 109.2 gpd. (102 registered by 
meters). Contract for 12-mil.gal. 
raw-water storage reservoir for pro- 
jected treatment plant $197,754. Addn. 
storage will alleviate danger of sum- 
mer shortage. Of 79,537’ of 
mains, 55,082’ asbestos-cement (4 


12”). 2-way 


now 


new 


radio system operated 
jointly by fire and depts. 
Punched-card accounting. Conserva- 
tion publicity program to avoid short- 
age pending constr. of addnl. reservoir 
storage successful—max. daily con- 
sumption reduced from 49 to 45 mil.- 
gal. New 54” feeder under constr. by 
Metropolitan Dist. Pptn. 8.89”, 6.13” 
less than l4-yr. avg. Avg. static wa- 
ter level at 24 wells dropped 24’ dur- 
ing yr. Original surface pressure of 
Big Bouton Well, drilled 1895, 35 psi. ; 
water level now 1174’ below ground. 
Mains 576 mi., gate valves 12,689, hy- 
drants 3414, meters 57,172. Capital 
assets $15,551,347, depreciation $3,- 
711,617, book value $11,839,731. Rates 
per 100 cu.ft. 5—23¢ in city, 8-26¢ in 
county, with min. monthly rate $1.25 
and $3, resp., for 3” meter.—R. E. 
Thompson. 


water 


Denver (Colo.) Board of Water 
Commissioners. Annual Report 
(1949). Services 100,304, pop. served 
481,000, within city 412,000. New 90” 
reinforced concrete pipeline from 
Platte Canyon to L. Marston (10 mi.) 
nearing completion. Raw-water con- 
duits 31.3 mi., filtered 70.1 mi., total 
pump capac. 178 mgd., mains 928 mi., 
hydrants 4850, transmountain 
sion canals, tunnels, etc., 


diver- 
59.25 mi., 


storage reservoirs 63.397 mil.gal., op- 


erating reservoirs 10,686 mil.gal.. 
distr. mil.gal. Filter 
plants (slow sand 1, rapid sand 3, in- 
filtration gallery 1) 176 mgd. Meter 


rates &19¢/1000 gal., 10°: out- 


Teservoirs 121 


less 


side city 19-23¢ ; monthly readiness-to 
serve and min. charges $0.75 and $1.80, 
resp., for 4” meter. Capital assets less 
depreciation $39,247,758, outstanding 
bonds $28,762,000, total net worth 
$21,124,136. Income from sale of 
water $4,054,592, total income $4,222,- 
770, operating expense $1,411,388, 
depreciation $644,259, interest $750,- 
924, surplus $1,416,199. Cost per mil. 
gal., including interest and depreci- 
atic..: settled water $37.48, filtration 
and sterilization $21.08, clear-water 
conduits $15.44, distr. system $30.01, 
pump stations $4.71, general office 
$10.22, total $118.94.  Delinquent- 
account service discontinuations 693. 
Avg. anal. data, tap water, South 
Platte and Moffat Diversion sources, 
resp., ppm.: free CO, 48 and 3.5, 
hardness 112.9 and 51.2, pH 7.5 and 
7.6. Bacteria per ml. at lab. tap 29. 
Typhoid death rate 0 since "44. Avg. 
consumption 88.62 mgd., 184 gpd./cap. 
~-R. E. Thompson. 


Elmira (N.Y.) Water Board. An- 
nual Report (1949). Supply from 
Chemung R. and from 150-mil.gal. 
impounding reservoir on Hoffman 
Creek, watershed 5 sq.mi., reforested 
with 


trees. Pptn. 27.57 
20-yr. avg. 33.64”. Percentage of 
supply from Hoffman Creek Res. 
18.8%, 20-yr. avg. 33%. Alum co- 
agulation and rapid filtration 
adopted 1897, chlorination in ‘09. Fil- 
ters (18), Jewell type with pos. sand 
agitation during washing, still in use; 
only outer tanks replaced. Present 
treatment: prechlorination end alum, 
mech. mixing, 8-10-hr. settling, filtra- 
tion through 24 units contg. 36” sand 
and 18” gravel, NH, addn. to effluent 
to stabilize residual Cl. Water flows 
into 3.5-mil.gal. low-service reservoir 
and thence lifted 104’ to spray nozzle 


evergreen 


sand 


aerators around 5-mil.gal. high-service 
reservoir, which gives pressure in ex- 
downtown 
Southside Balancing Res., 
capac.. 


area. 
1.5-mil.gal. 
Turbidity, color and 


CESS of 70 psi in 


covered. 
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wit types of fois BELL & SPIGOT 


FLANGE PIPE 


MECHANICAL 
JOINT PIPE 


FLEXIBLE 
JOINT PIPE 


SHORT BODY 
BELL & SPIGOT 
SPECIALS 


55 Liberty Street 
New York 5, N.Y. 


SPECIFY 
“WARREN 
PIPE” 
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isch. cols (10 ml.) reduced to 0; 
48-hr. 20°C. count on gelatin reduced 
to 1. Hardness of Hoffman Creek 
supply 58, of Chemung R. 174 ppm. 
Services 100% metered. Rates 7-34¢ 
per 100 cu.ft., min. gross bill $1.70 per 
quarter ; outside city 841¢ and $2.05, 
resp.; all subject to 10% discount for 
prompt payment. Net addn. to distr. 
system 2.8 mi., cost per it. varies from 
$2.18 for 9-2-in. lines to $7.75 for 12”. 
Mains 171 mi., meters 16,874, hydrants 
869. Avg. consumption 7.55 mgd., 116 
gpd./cap. Service trucks equipped 
with 2-way radio. Plant value $3,- 
491,431, equiv. to equity of $70 per 
person for assumed city pop. of 50,000, 
and $50 for assumed 70,000 in service 
area. Investment per meter $210. 
Total assets $3,867,063. Operating 
revenue $415,736, operating costs 
$306,265, operating income $109,471, 
net income $111,694.—R. E. Thompson. 


Halifax (N.S.) Public Service Com- 
mission. Annual Report (1949). 
Pptn. 48.5”, pop. (estd.) 98719, pop 
per mi. water mains 870, total natural 
reservoir surface (Chain Lakes, Long 
L.., Spruce Hill L., Big Indian L.) 992 
acres, total watershed 10,155 acres, 
mains from lakes to city 104 mi., 
mains inside city 112 mi., total storage 
high service 700 mil.gal., low service 
1773 mil.gal., water supplied 3992 mil.- 
gal. Gross value of utility plant $7,- 
211,033, depreciation $1,927,288, net 
value $5,283,745. Operating revenue 
$853,608, operating expense $383,039, 
depreciation $90,000, debt service 
charges $243,577, surplus $8,440. New 
rate schedules enabled payment of in- 
terest, sinking fund and serial pay- 
ments on outstanding debentures, ade- 
quate depreciation, all extraordinary 
amd deterred expense due to rehabili- 
tation of system, and $100,000 contri- 
bution to general city revenue, leaving 
small surplus. Following up leakage 
survey of 2 yr. ago, constant leakage 
check maintained on entire system. 
Supply adequate for some time to 


come. Manhours lost due to acct- 
dents again reduced (to 792). Public 
relations program continued. Cus- 
tomers increased from 13,456 to 13,- 
902. Water service suspended tempo- 
rarily in 11 instances only. Uncol- 
lectible accounts $270, less than 0.04% 
of water revenue. Capital expendi- 
tures $363,024, all from funds on hand. 
Customers’ deposits to insure payment 
rebated to all with good record. Net 
surplus to date $303,926. Pilot plant 
studies showed that 12 ppm. Na sili- 
cate maintained pH of 7 but no film 
formation on exptl. nipples evident. 
Lime treatment used instead, 4.5 ppm. 
giving pH slightly above 7. At Chain 
L. pH 4.8-5.5, at Spruce Hill L. 5.5- 
6.5. Avg. Cl dosage just over 1 ppm. 
Meters tested and changed every 5 yr. 
Sections cut from 9” main laid in 1862 
revealed extremely good condition. 
Hydrants 805, valves 1631, meters 13,- 
873. Avg. consumption 10.94 mgd.— 
R. E. Thompson. 


Madras (India) Water Works Dept. 
Annual Report (1948-9). Works 
consist of intake tower at Red Hills 
L. (10 mi. from city) to which flood 
waters of Kortalayar R. diverted via 
Cholavaram L., gravel roughing fil- 
ters, conduits to Kilpauk filtration and 
chlorination plant, and distr. system 
consisting of 29 mi. of trunk mains 
and 366 mi. of street mains. Partial 
failure of northeast monsoon for sec- 
ond successive yr. gradually reduced 
supply from Red Hills L. from 24 to 
14 mgd., level having dropped from 
45.Y to 34.6’. Emergency measures 
included reducing pressure, supplying 
of water from wells for purposes other 
than drinking, cleaning and periodic 
chlorination of all private wells and 
supplying of outlying areas by trucks 
fitted with water tanks. Water stored 
in 2 supply lakes, constructed and 
maintained by government, also used 
for irrigation. Poondi Res., 37 mi. 
from city, used to impound flood wa- 
ters otherwise wasted over dam, prac- 
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IN LARGE-DIAMETER WATER LINES... 


for lower first cost 

lower operating cost 

lowe Fr maintenance cost 

and higher flow capacity 


STEEL WATER PIPE---LINED AND COATED 
WITH KOPPERS BITUMASTIC 70-B ENAMEL 


TEEL water pipe lines, protected 

inside and out by a durable coat- 
ing of Koppers Bitumastic® 70-B 
Enamel, offer you greater savings 
from every angle than other types 
of large-diameter water line instal- 
lations. 

Inside the pipe, the spun lining 
of Koppers Bitumastic 70-B Enamel 
prevents tuberculation and rust. 
It’s unnecessary to compensate for 
possible corrosion losses by specify- 
ing oversized diameters or addi- 
tional wall thickness. The glzss- 
smooth lining maintains a high co- 
eficient of flow both initially and 
after decades of service. The result- 


ing reduction in pumping costs is 
substantial. 

On the pipe exterior, Bitumastic 
70-B Enamel prevents pitting and 
leakage due to soil corrosion . . . 
keeps maintenance and _ replace- 
ment costs low. 

Steel pipe itself offers you other 
important savings. Fewer joints are 
required, since steel pipe can be fur- 
nished in longer lengths. And the 
purchase price of Bitumastic-coated 
steel pipe is low, too. 

Give your community the most 
for its tax dollars by specifying steel 
water pipe lined and coated with 
Koppers Bitumastic 70-B Enamel. 


BITUMASTIC Enamets 
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KOPPERS COMPANY, INC., Tar Products Division, Dept. 6051, Pittsburgh 19, Pa. 
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tically empty. Rainfall at Red Hills 
29.9%, compared with 25.1” in "47 and 


avg. of 48.9"—at Poondi and Chala- 
varam 20 and 24.9, resp. Slow sand 
filters operated at 8” vertical per hr., 
double normal rate. Filter cleaning 


performed by contract—-silt scraped 
sand removed and re- 
placed by clean washed sand. Each of 
17 filters 5 times during yr 
Avg. Cl dosage 1.37-2.17 ppm., about 
25% for Difficulty 
with production since filters in- 
stalled in ‘14 Alleviation measures 
include CuSO, treatment of Red Hills 
exptl com 
effluent. In 
systematically 


from surface, 6” 
cleaned 


pre chlorination. 


L.., prechlorination and 
pressed-air aeration of 
addn., distr. 
flushed through scour valves and hy- 
drants. Avg. supply from Red Hills 
megd., 15.2 gpd cap. to estd. 
1,400,000 pop., of which 74% for do- 
mestic purposes. House 
514, 4189 metered, 3595 public foun- 
tains, 182 bathing fountains, 64 cattle 
troughs. Tube and bore wells 635. 
lotal expenditure 1,813,830 rupees, 
including 565,158 rupees for debt re 
payment, interest, supervision and col- 
lection charges ; total revenue 2,012,759 
rupees. Outlying areas of Sembium 
and Saidapet supplied from infiltration 
galleries, water chlorinated and pumped 
to overhead tanks. Monthly percent- 
age of samples from distr. system in 
which lactose fermenters absent in 60 
ml., 25-67%; present in 10 ml. in 
mo., 4-89 of samples; in 1 mo. in 


ml., 10%.—R. FE. Thompson 


system 


Services 


5 


CHEMICAL ANALYSIS 


Colorimetric Method for the Deter- 
mination of Lead in Drinking Wa- 
ter. Zoria BuczKowska. Gaz, Woda 
i Tech. Sanit. (Poland), 24:99 (Mar 
50). Lead found in drinking water 
due to contact with lead pipe in the 
distribution system, presents relatively 
serious hazard since even small conens. 
taken over long period prove 
fatal. Reported that concn. of lead in 


mav 


blood averages death usually 
results when concn 0.1%. 
Most techniques in use for determin- 
ing lead in drinking water based on 
modifications of Winkler method, 
which reportedly has several faults: 
low sensitivity, since, below 0.1 ppm., 


reaches 


concen, must be resorted to; lead sul- 


fite brought down not quantitative ; 
color estimation difficult, color stand- 
darken rapidly with time and 


is need for correction of color 


ards 
there 
of water itself. 
zone for test according to following 
procedure: To 10-ml. sample add 1 ml. 
mix, add 0.2 ml. 5% 
increase pH to 9.0-9.5 
by addition of 100% NH, add 5 ml. 
4%, (or other concen.) soln. of dithi- 
zone in chloroform freshly prepared, 
If sample color 


Suggest use of dithi- 


tartaric acid, 


KCN, mix, 


and shake violently. 


in chloroform layer is bright blue, 
sample must be diluted until color 
is violet blue or violet red. Suitable 


stds. prepd. for range of lead conen. 
encountered. ‘Tartaric or citric acid 
added to prevent pptn. of other metal 
hydroxides, which occlude lead. Re- 
covery results given for lead added to 
local water supplies. Proposed test 
reported sensitive to 0.01 ppm. lead. 
pH exerts great effect on lead extrac- 
tion, with complete extraction above 
pH 9. Extraction of lead at pH 7-8 
only 85-90% complete, even with ex- 
cess of dithizone. Effect of metals on 
dithizone color as follows: 4-10 ppm. 
Fe, 3-10 ppm. Cu, 11 ppm. Zn, 20 ppm. 
Mn, no effect; 0.5 ppm. Sn, error of 
35% in detn.; color and oxygen con- 
sumed exert no effect; turbidity exerts 
appreciable effect. Suggest 2 detns 
of lead in turbid samples, one on fil- 
tered and other on dissolved solids.— 
Conrad P. Straub. 


STERILIZATION 
Sterilization of Water by Chlorine 


and Ozone. Tech. Sanit. et Munic. 
(Fr.), 45:46, 65 (Feb.-Mar., Apr. 
I. Chlorine Treatment. Rk. 


(Continued on page 78) 
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Bulletin on 


POROUS MEDIA 


Bulletin No. 10 


by CARBORUNDUM 


TRADE MARK 


SEPTEMBER, 1950 


NOW...Porous Plate Underdrain System 
also Lowest in First Cost 


Rising construction costs in the past five years 
have changed the economics of ALOXITE 
aluminum oxide underdrain systems. Always 
low in maintenance and operating ——. 
porous plate installations in rapid sand filters 
are now also lowest in initial cost — when 
all factors are considered. 

High cost construction factors which are 
eliminated or reduced by the ALOXITE sys- 
tem are: graded gravel in place, vertical 
walls, certain piping, etc. 

In any total cost comparison, such items 
are critical. Under today's conditions they 


add up to the fact that an ALOXITE under- 
drain unit—completely aside from its 
kreater operating and maintenance efficiency 
— is the most economical filter system to be 


Added to this low first cost, of course, are 
the standard benefits of the ALOXITE bot- 
tom which include: permanent protection of 
filter media; uniform backwashing — no mud 
ball formations — less wash water, low head 
loss; no clogging or corrosion; and simplicity 
of installation and operation 


POROUS BOTTOM TRICKLES... 


In a recent bidding on filter construc- 
6 tion at Waco, Texas two alternate under- 
drain designs were offered. Every contractor 
submitted a lower bid for construction of the 
design based on porous plate underdrains. 


In another southwestern city 5 filter 

underdrain designs were considered by 
the engineers before making selection. The 
porous plate design was estimated to be low- 
est in initial cost and since it was believed 
to be lowest in maintenance cost as well, 
there was no doubt about its selection. 


Elimination of graded gravel by the 

porous plate underdrain principle fre- 
quently is of special interest in localities 
where gravel is not readily available (e. g. 
South American countries). Transportation 
then becomes a major expense. 


POROUS MEDIA 
DATA 


Technicians in all fields of filtration and diffusion 
will find this new bulletin the most complete 
reference source available. its 56 pages include 
many chorts, tables and photographs. It covers 
applications, design, specifications, installation 
and operation. No obligation, of course. 


Dept. 0-90 
THE CARBORUNDUM COMPANY 
Refractories Division 


PERTH AMBOY, NEW JERSEY 


“Carborundum" and “ Aloxite” are registered 
trademarks which indicate manufacture by 
the Carborundum Company. 
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Leviet. Discussion of antiseptic ac- 
tion of chlorine, deodorization, physi- 
logical action. Description of chlo- 
rinating apparatus. Water Chlorina- 
tion at Marseilles. ©. 
Since '43 water situation has been dif- 
ficult. Chlorine added to raw water. 
Points of application have been in- 
creased from 4 to 63 during 6 yr. Ap- 
plication of gaseous chlorine has been 
found superior to sodium hypochlorite 
or chloride of lime. Because of large 
number of points of application, ad- 
ministration and control cumbersome. 
Progress shown by reduction in num- 
ber of reported typhoid cases: '43— 
639, '48—280. Cases attributed to wa- 
ter: '43—384 (60%), '48—58 (21%). 
Not all water chlorinated. III. Con- 
tinuous Chlorine Dosage. |. Boucnu- 
arp. Description of simple method of 
dosing and control by photoelectric 
cell. IV. Ozonation of Public Wa- 
ter Supplies. M. Frison. Compari- 
son of French and American concep- 
tions and techniques. In France both 
bactericidal and oxidation properties 
of ozone emphasized (kills organisms 
and also decolorizes, deodorizes and 
neutralizes bad-tasting water ), whereas 
in U.S. only power of oxidation 
stressed. Methods of producing ozone 
similar in both countries. Considera- 
tions Concerning the Bactericidal 
Power of Chlorine and Ozone and 
Their Utilization for the Steriliza- 
tion of Water. J. P. Burrie. Expts. 
made in field and lab. on raw and fil- 
tered waters. 
tween Na hypochlorite and 
0.7-1.3 ppm. ozone, 107 sec. contact 
time; 1 ppm. Cl. Filtered Geneva L. 
water and Rhone R. raw water used. 
Also expts. with addn. of Esch. coli 
suspensions. Under exptl. conditions, 
ozone consistently superior to Cl in 
respect to kill; excess ozone may be 
added without inconvenience and con- 
trol is simple; but chlorination more 
economical. Application of Cl is deli- 
cate and uncertain; Cl is bactericide, 


Comparison made _ be- 
ozone : 


but its action incomplete; mode of 
action affected by several factors 
(temp., time, pH), whereas ozone in 
same concn. is effective bactericide, 
is more rapid and requires shorter 
time. VI. Sterilization of Water by 
Ozone by the Van der Made Proc- 
ess. J. Hattoreavu. Ozonator is tu- 
bular, single dielectric type. High- 
tension electrode is iron tube through 
which water circulates, functioning as 
low-tension electrode. Ozone con- 
stantly produced, rate of circulation 
determining contact time. Power re- 
quirements between 55 and 75 watt-hr. 
per cu.m. ozone. VII. Control of 
Water Supply for the City of Nice. 
M. Lesout. Effect of steps for im- 
provement of supply may be judged by 
decrease in typhoid death rate per 
100,000 inhabitants. After progres- 
sive ozonation adopted in '07, rate fell 
from 27.5 (’01) to 15.1 (10). Com- 
plete ozonation started in '25, rate fall- 
ing to 8 in '26. Chlorination of raw 
water in suburbs begun in ‘29, rate 
decreasing to 6.1 in '30. Chlorination 
of sanitary system started in °48, rate 
dropping to 3.3 that year. Detailed 
data show that no typhoid case at- 
tributed to sterilized city water during 
48. In addition to chlorination of 
raw water, it is ozonated on leaving 
pumps. No other treatment used.—IlV. 


Rudolfs. 


Breakpoint Chlorination as a Means 
of Disinfecting Wells. Wopzimierz 
Szypowski. Gaz, Wodai Tech. Sanit. 
(Poland), 24:135 (Apr. '50). Ap- 
prox. 25% of pop. of Poland served 
by public water supply with remainder 
of country dependent upon wells. 
Sanitary state of these wells not all 
that is desired. Because of some ob- 
jections to use of chlorinated lime, 
author proposes and has developed 
technique of free residual chlorination 
using simple means of determining 
chlorine residual in field with methyl 
red: Add 50 ml. ammonia salt soln. 
(1 ml. of soln. equiv. to 20 mg. N 
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MANUFACTURERS OF 

Flood Control 

Levees 
Irrigation 
Water Works 
Doms 
Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 


Cooling Towers 
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~ 9th Edition ~ 


Standard 
Methods 


286 Pages Price $4.00 


Orders for the new edi- 
tion of Standard Methods 
for the Examination of Wa- 
ter and Sewage are now 
being filled through the 
publication office at AP 
H.A. headquarters, 1790 
Broadway, New York 19, 
N. Y. 


Both cash and credit or- 
ders from A.W.W.A. mem- 
bers will receive promptest 
attention if sent directly to 
the A.P.H.A. office. if 
credit is desired, please in- 
dicate your A.W.W.A. af- 
filiation on the order. 


Published jointly by 


AMERICAN PUBLIC HEALTH 
ASSOCIATION 


and 


AMERICAN WATER WORKS 
ASSOCIATION 


(Continued from page 78) 


| prepared by adding 95 g. (NH,):SO, 
| per 1), mix, add 80 ml. of 159% active 


Cl soln. (Na hypochlorite scln.), mix 
for 2 min., withdraw 200-ml. sample, 
add 2 drops methyl red soln. by tritu- 
rating 500 mg. methyl red in several 
ml. of lye and diluting to 1 |. with dis- 
tilled water—-1 ml. of soln. equiv. to 
1 ppm. Cl when 200-ml. sample ti- 
trated), and add 10 drops (about 0.5 
ml.) HCl (1:1). If sample decolo- 
rized, chlorination complete; if rose 


| color persists, no free Cl. About 20% 


more hypochlorite soln. then added to 
well and procedure repeated —Conrad 
P. Straub. 


OTHER ARTICLES NOTED 


Recent articles of interest, appearing in 
American periodicals not abstracted, are 
listed below. 


Panel Discussion on Water Rates. 
W. James MaclIntosu, Ernest R. 
von Starck, NATHAN B. Jacoss, E. 
E. Banxson, N. T. Veatcu, CHARLES 
H. Kressier, J. J. Bark & Francis S. 
Fret. Proc. Pennsylvania Water 
Works Assn., p. 61 (Oct. °49). 


How Pumping Rate and Storage May 
Affect Water Costs. Joun H. Daw- 
son. Public Works, p. 32 (Aug. ’50). 


Water Works Operating Expenses 
Under Postwar Conditions. FRANK 
A. Marston, THeopore L. Bristo. & 
Epwin T. J.N.E.W. 
W.A,, 64:2:119 (June '50). 


Copper & Health. Artuur I. Herm. 
J. New Hampshire W.W.A., 11:4:3 
(June ’50). 


Small Water Treatment Plants—Co- 
agulation and Settling. Anon. Pub- 
lic Works, p. 42 (Aug. '50). 


Improving Water Works Service 
Through Research. Martin E. 
Fientjye. Proc. Pennsylvania Water 
Works Assn., p. 168 (Oct. °49). 
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...and still going strong! That’s the record set by 
AMBERLITE IR-120 in municipal water softening. 


Amperute IR-120 successfully resists waters 

that dissolve, wear and incapacitate zeolites. Waters 
low in silica have no effect on this non-phenolic, 
polystyrene-type cation exchange resin. It resists 
chlorine and attrition. And, most important 

in municipal water softening, AMBERLITE IR-120 
gives long, high-capacity, trouble-free, economical 
service—even at extremely low regeneration levels. 


Next time you talk to your consulting engineer, 


or to a manufacturer of water conditioning equipment, 
ask him about AmpBerute IR-120—as a replacement 
for zeolites that have fled the bed, or as the 
exchanger in a new softening installation. 


Meanwhile, why not write to Dept. WWI for your 
free copy of our pamphlet on Ampearire TR-120? 


Amprauite is a trade-mark, Reg. U.S. Pat. Off. and in principal foreign countries. 


Vee FROSUETS Siviston 
Washington Squore Philedeiphio 5. Pa. 
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The fifth annual conference and products exhibit of the National 
Institute of Governmental Purchasing will be held at the Hotel Schroeder, 
Milwaukee, Wis., on October 8-11, 1950. A special feature of the confer- 
ence will be timely discussions on priorities, allocations and other controls. 
Additional information may be obtained from Albert H. Hall, Executive 
Director, N.1.G.P., 730 Jackson Place, N.W., Washington 6, D.C. 


The sixth National Conference on Industrial Hydraulics is to be 
held October 18 and 19 at the Sherman Hotel, Chicago. As in the past, 
the conference is sponsored by the Armour Research Foundation of Illinois 
and the Graduate School of the Illinois Institute of Technology. Among 
the sessions to be held will be one on centrifugal pumps and another on 
civil engineering hydraulics. Frank W. Edwards, director of civil engi- 
neering at the institute, is conference secretary. 


The Engineers’ Society of Western Pennsylvania is holding its 
eleventh annual Water Conference at the Hotel William Penn, Pittsburgh, 
on October 16-18, 1950. 


(Continued on page 84) 


~ Woofproof Your 
Metermen 


“ead 
aders Here's a bible of bark and bite that will 
enable you to improve both your person- 
. | nel relations and your public relations. 
‘s | See that every meter reader gets a copy. 
“Pe, | Make him read it! Make him heed it! 

e | Under the cover reproduced herewith, 


we A.W.W.A. has, in resporise to the de- 
mand of several meter departments, re- 
Publis Relations at Work _ printed Bruce McAlister's ‘“Bow-wow, 
Mister Meterman”’ as it appeared in 
the July 1949 issue of Public Relations at Work. As a six-page 
booklet, this practical advice to the doglorn is now available at a 
nickel per copy——much less than the cost of a single patch in the 
seat of your pants. 


Order your copies now from Department K-9 of: 


AMERICAN wares WORKS ASSOCIATION 
500 Fifth Avenue New York 18, N.Y. 
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in the Life 


GRAVER 


The above graphs show the uniform results 
being obtained from a GRAVER Reacti- 
vator with widely varying flow at an in- 
stallation treating a turbid surface supply. 


Such results are typical of GRAVER Re- 
activators, for in installations throughout 
the country, these units maintain constantly 
higher clarity and quality of effluent through DAY AFTER DAY 

sudden or wide changes in flow rate and YEAR AFTER YEAR 
water consumption. 


eee 
Highly efficient upflow clarification and wa 
softening is obtained due to the following 
exclusive design features . . . high rate and ask for advice on your pend 
sludge recirculation ...upflow sludge fil- _ ticular water problem. Specific 
tration through a concentrated zone of PAs emer from the long- 
accumulated precipitates . . . positive con- 
tinuous sludge removal. the slightest obligation. 


216 West 14th Street, New York 11, New York, U.S.A. 
CLEVELAND 
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(Continued from page &2) 
56,000,000,000 gallons of water is the amount New Yorkers saved in 
the first seven months of 1950 over their 1949 consumption. That's a lot 
of water and a lot of insurance against a repetition of last year’s empty 
reservoirs. And one of the most wonderful things about it is the fact that 
such astronomical figures are within reach—adding up to 35 gpd. per 
capita and leaving use at an unarid 115 gpd. per capita. 


The Third National Public Health Engineering Conference, devoted 
principally to suburban sanitary services, will be held in Gainesville, Fla., 
on October 23 and 24. Copies of the program and information about hotel 
reservations may be obtained from John E. Kiker Jr., professor of public 
health engineering at the University of Florida, Gainesville. 


F. W. Du Bois has left the Du Bois-Webb Co., sales engineers, to 
head the F. W. Du Bois Co., representing Walker Process Equipment Co., 
Simplex Valve & Meter Co. and Ball Valve Co. Headquarters are at 
15760 James Couzens Highway, Detroit. 


Gerald F. Twist, manager of Peerless Pump Div., has been elected 
vice-president of the parent company, Food Machinery & Chemical Corp. 


(Continued on page &6) 


SPARLING MAIN-LINE METERS 


HE simplest way to 

meter main-line flows 
is to mount a propeller with- 
in the pipe. That is just 
what you do when you in- 
stall a Sparling Meter, with 
Totalization the primary 
reading without any further 
instrument! 


low-rate indication and re- 

Bulletin 310 is yours cording can be added as 
for the asking. needed—-also auto-metered 

chemical feed units. 


SPARLING METER. COMPANY ‘ 


COe atio 


LOS ANGELES $4.. .Box 3277 626 Broadway...........-. CINCINNATI 2 
CHICAGO &........1500 South Western Ave. 101 Park Avenue......... NEW YORK 17 
. 6 Beacon Screet 1932 First Avenue............. SEATTLE 1 


DALLAS 1...... 726 Reserve Loan Life Bidg. 
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DESIGNED 
FOR THE MAN 


IN THE DITCH 


MODEL B 
TAPPING 
MACHINE 


FOR INSERTING ALL 
STANDARD MAKES OF 
CORPORATION STOPS 


FASTER... Less time réquired to make a tap « Two ratchet 
wrenches speed up operations « Head turns freely at all pressures 


EASIER HANDLING... Shorter height « More rigid attachment 
tc the main « More room in the ditch « Fewer operations—less 
physical effort required 


EFFICIENT. . . Machine fully loaded, ready for operation before 
placing on the main e No disassembling to insert corporation stop 
e Flat link chain—positive grip on main 

ECONOMICAL . .. Longer life of tools—more 
taps per tool « Renewable bearings and working 
parts « Designed to use short pattern taps and 
screw plugs 


HAYS MODEL 8 
HAYS MANUFACTURING CO. ERIE, PA. 
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(Continued from page 84) 


“Which Comes First, the Water or the Well?” is the ha-ha title of 
a recent Associated Press note from Whitesburg, Ga., to the world. The 
story under it is one those “this will just kill you” tales which manages to 
get its deadliness all fouled up. 

Whitesburg officials, it appears, asked RFC for a $50,000 loan to 
finance building of a water system, proposing to dig a well as the source 
of supply. When, as a basis for the loan, RFC asked for some assurance 
that a supply of water would be obtainable, city fathers were purportedly 
put out, wanting to know “how they can find water without digging a well 
and how they can dig a well without finding some money?” As a matter 
of fact, the putout should not be credited to the “fathers” at all, but to that 
“unusually well uninformed source” upon whom reporters are known to call 
in times of stress or enmity. Our own reaction—unfortunately modified 
by some rudimentary knowledge of modern methods of ground water pros- 
pecting—failed of that overrighteous indignation which the article was so 
obviously intended to evoke. And remembering that some of that $50,000 
would be our own tax money, it wasn’t exactly easy to get mad at RFC 
for not wanting to bury it in a dry hole. 

To be quite blunt about the whole thing, wafer comes first. 


campaign ? 


Let Willing Water help you .. . he’s 
the master of all he surveys. Let him 
clear the brush of public ignorance 
. of water works problems. Let him 
: erect for you an edifice of public 
° appreciation and co-operation on a 
foundation of good will. 
Willing Water is waiting to meet your customers and employees. Right 
now he has 32 different approaches to your problems in the form of 
low-cost blocked electrotypes or newspaper mats. And he’s only be- 
ginning his career. Write now for a catalog and price list to: 


AMERICAN WATER WORKS ASSOCIATION 
‘$00 Fifth Avenue - New York 18, New York 
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OCHRANE 


REACTORS 


For the Clarification of Water and 
the Recovery of Waste in Process 


dustrial water supplies over the past fifty years and 
the combined years of experience of Cochrane engineers 
in that field, is your assurance of satisfactory service from 
any Cochrane installation. In the new method of sludge 
contact or removal by flocculation of impurities, turbidity, 
color or hardness, the Cochrane Sludge Contact Reactor 
accomplishes all these functions with complete efficiency 
and surprising economy. A new bulletin, Publication 5001, . 
is available and will be sent on request. 


Cochrane Sludge Contact Reactors are applicable to municipal and industrial 
plants for coagulation and/or softening, removal of turbidity, color, hardness, 
taste, for fluoride removal, de-alkalization, iron and manganese removal, etc. 


COCHRANE CORPORATION 
3124 N. 17th Street Philadelphia 32, Pa. 


SLUDGE CONTACT 
: : 
¥ 
% ay’ 
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The Reading Meter 


Manual of British Water Supply Practice. Aubrey Thomas 
Hobbs, ed. Institution of Water Engineers, London (1950). Avail- 
able in U.S. from AW’ at $7.50. 


A comprehensive, 910-page treatise on the water supply art as 
practiced in Britain, this book was compiled by more than a hundred 
engineers and specialists. Twenty-five fully referenced chapters ex- 
plore the field in all its aspects, beginning with its historical develop- 
ment and then attacking fundamental planning considerations, hydrol- 
ogy, hydrogeology, hydraulics and other basic building-blocks for the 
water supply engineer. Successive chapters deal with various aspects 
of supply, pumping, treatment and distribution, and three final chap- 
ters discuss legal aspects, finance and organization and management. 
Extensive illustrations—including some charts and nomograms sup- 
plied unbound for more convenient use—round out the documentation 
with which the volume is so richly supplied. It should prove a useful 
addition to the literature on the subject, and of great value for 
reference. 


Wentworth Smith has been appointed assistant general sales manager 
of Neptune Meter Co., replacing James H. Judge, who resigned recently. 
Smith has been with the Neptune organization for a number of years. 


Prevent Sand Beds From Cracking 
Eliminate Mud Balls 

Save Wash Water 

Lengthen Filter Runs 

Higher Rates of Filtration 


STUART CORPORATION, 516 N. Charies Street, Baltimore 1, Ma. 
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ALCOA Sodium Fluoride, like all 
other Alcoa Chemicals, has a uni- 
form high degree of purity. It may 
be used with confidence for the flu- 
oridation of water supplies. ALCOA 
Sodium Fluoride flows freely . . . is 
easy to handle . . . dissolves at a 
uniform rate. Besides that, ALCOA 
is a dependable source of supply. 


HIGH PURITY 
ALCOA 
SODIUM FLUORIDE 
FOR THE 
FLUORIDATION 
OF 


WATER 


If your community is fluoridating 
its water supply-—or is considering 
doing so—let us discuss with you 
the properties of ALCOA Sodium 
Fluoride that make it particularly 
suitable for your use. Write to 
ALuminuM CoMPANY OF AMERICA, 
Cuemicats Division, 624 Gulf 
Bldg., Pittsburgh 19, Pennsylvania. 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS + CALCINED ALUMINAS + HYDRATED 
ALUMINAS + TABULAR ALUMINAS + LOW SODA ALUMINAS 
ALUMINUM FLUORIDE - SODIUM FLUORIDE + SODIUM 
ACID FLUORIDE + FLUOBORIC ACID * CRYOLITE + GALLIUM 
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Without bursting strength—or, for that matter—without all 

of the strength factors listed opposite—no pipe laid 100 years 
ago in city streets would be in service today. 

But, in spite of the evolution of traffic from horse-drawn 
vehicles to heavy trucks and buses—and today’s vast complexity 
of subway and underground utility services—cast iron gas 

and water mains, laid over a century ago, are serving in the 
streets of more than 30 cities in the United States and Canada. 
Such service records prove that cast iron pipe combines 

all the strength factors of long life with ample margins of safety. 
No pipe that is provably deficient in any of 

these strength factors should ever be laid in city streets. 

Cast Iron Pipe Research Association, 

Thos. F. Wolfe, Engineer, 122 So. Michigan Ave., Chicago 3. 


CAST PIPE 
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No pipe that is provably deficient in any of these 
strength factors should ever be laid in city streets 


BURSTING STRENGTH 


SHOCK STRENGTH 


CRUSHING STRENGTH 


BEAM STRENGTH 


In full length bursting tests standard 6-inch 
cast iron pipe withstands more than 2500 Ibs. 
per square inch internal hydrostatic pressure, 
which proves ample ability to resist water- 
hammer or unusual working pressures. 


The toughness of cast iron pipe which enables 
it to withstand impact and traffic shocks, as 
well as the hazards in handling, is demon- 
strated by the Impact Test. While under 
hydrostatic pressure and the heavy blows 
from a 50 pound hammer, standard 6-inch 
cast iron pipe does not crack until the ham- 
mer is dropped 6 times on the same spot from 
progressively increased heights of 6 inches. 


The ability of cast iron pipe to withstand ex- 
ternal loads imposed by heavy fill and unusual 
traffic loads is proved by the Ring Compres- 
sion Test. Standard 6-inch cast iron pipe 
withstands a crushing weight of more than 
14,000 Ibs. per foot. 


When cast iron pipe is subjected to beam 
stress caused by soil settlement, or disturb- 
ance of soil by other utilities, or resting on 
an obstruction, tests prove that standard 
6-inch cast iron pipe in 10-foot span sustains 
a load of 15,000 Ibs. 


SERVES FOR CENTURIES 
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JUST 
OUT 


the HaT popret TYPE 
MULTIPORT VALVE 


BULLETIN 


The H &T Poppet Type 
Multiport Valve 
for 


Manual, Semi-Automatic or Fully 
Automatic Zeolite Water Softeners 
or Pressure Filters 


A masterpiece of workmanship 
and operating simplicity. 


When you buy new water 
softening or filtration equip- 
ment or modernize your exist- 
ing equipment make sure you 
use the H & T poppet valve. 


Copy of Bulletin V-11 sent on 


request—-or a nearby repre 


sentative will call on request. 


HUNGERFORD & TERRY, INC. 
CLAYTON, NEW JERSEY, U.S.A. 


LINES 


A new electronic timer for auto- 
matic control of operation, limit and 
sequence timing is the subject of bul- 


letin GEA-5255, available from the 
General Electric Co., Schenectady 5, 


“Management of Industrial Re- 
search” is the title of a selected and 
annotated bibliography on research ad- 
ministration issued by Arthur D. Lit- 
tle, Inc., Memorial Drive at Kendall 
Square, Cambridge 42, Mass. 


A short summary of the design, 
manufacture and characteristics of 
prestressed concrete pipe, steel cylin- 
der type, is available from Price Bros. 
Co., P.O. Box 825, Dayton 1, Ohio, in 
the form of a four-page folder. 


A dye penetrant method of metal 
inspection which indicates cracks or 
pits in metal surfaces by visible red 
lines or dots is described in a circular 
offered by Dy-Chek Co., div. of North- 
rop Aircraft, Inc., 1515 E. Broadway, 
Hawthorne, Calif. The in- 
volves application of the dye penetrant 
to the clean metallic surface, removal 
from the surface with a special cleaner, 
application of the developer 

A price list is included. 


process 


and 
liquid. 


Types of Carlon plastic pipe, in- 
cluding “EF” for drinking water and 
allied purposes, “C” for laboratory and 
chemical process tubing, and “T” for 
water well casings, are described and 
operating characteristics tabulated in 
a folder available from Carter Prod- 
ucts Corp., 10125 Meech Ave., Cleve- 
land 5, Ohio. 


(Continued on page 94) 
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san with foresight! 


Reinforce all joints subject to vibration with 


CLOW 
Mechanical Joint BELL SPLIT SLEEVES 


When ponderous trucks roar and rumble by, even our finest high- 
ways tremble with vibration ...and so does the water pipe buried 
below! That's why it's best to play it safe: don't wait for a break; 
have the foresight to install Clow Mechanical Joint Bell Split 
Sleeves as origimal equipment wherever the pipe must pass under 
highway truck routes or under railroad tracks. Specify them for 
marshland or under water, too—in fact, everywhere that pipe is 
not readily accessible in case of emergency. They're easy to install 
. no lead, no jute, no caulking! 


Write for circular with helptul information and illustrations 


JAMES B. CLOW & SONS 


201-299 North Tolman Avenve 


ww Mechanico 
Sleeves for 


pipe borrels 
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(Continued from page 92) 


Catalog 50 of Fischer & Porter 
Co. is devoted to exhibiting and con- 
trolling instruments for use with 
Flowrator meters. The catalog may 
be obtained from Fischer & Porter 
Co, 50 County Line Road, Hatboro, 


Wormgear speed reducers offered 
by De Laval Steam Turbine Co., Tren- 
ton 2, N.J., are the subject of a 32- 
page booklet, Bul. G-WBY, just is- 
sued. Sections on selection of gears, 
horsepower ratings and dimension ta- 
bles are included. 


A new vulcanized tape-back plas- 
tic packing—said to improve flexibility 
and eliminate breakage—is among the 
“Super Seal” spiral packings featured 
in a booklet available from Crane 
Packing Co., Dept. R-27, 1800 Cuyler, 
Chicago 13, Ill. 


Pneumatic conveying systems and 
their industrial applications are dis- 
cussed in a 12-page booklet issued by 
Convair Corp., Pittsburgh, Pa. 


Card filing accessories intended to 
boost tabulating card production are 
described in a new booklet, LBV-442, 
issued by Remington Rand Inc., 315 
Fourth Ave., New York 10, N.Y. 


Atlas Mineral Products Co. has 
issued a new bulletin, No. M20-1, en- 
titled “Atlas G-K Sewer Joint Com- 
pound.” This four-page circular of- 
fers a description of the properties of 
the G-K bituminous jointing com- 
pound and illustrates proper melting, 
yarning and pouring operations. A 
table shows the quantity required for 
various pipe sizes. Copies may be ob- 
tained from the company at 10 Pine 
St., Merztown, Pa. 


(Continued on page 96) 
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New Hyde Park 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25K 
On Request 


JOSEPH G. POLLARD CO., INC. 


Pipe Line Equipment 
New York 
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WORTHINGTON - GAMON 


WATCH DOG 


WATER METERS 
q 


“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 


pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and § so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON METER CO. 


296 South Street, Newark &, New Jersey 


SUBSIDIARY OF 


WORTHINGTON 


PUMP AND MACHINERY CORPORATION ——.........../ 
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SERVICE LINES 


Revising 
Rates 


sound recommendation for an 

upward revision of rates is, of 
course, preceded by an accurate and 
authoritative analysis of customers’ 
bills, 


It is possible to make such laborious 
compilation of customer usage data 
in one’s own offices, but--many 
utilities all over the United States 
find that it pays to turn over the 
task to the Recording and Statistical 
Corporation. 


Here's why: Our specially designed 
Bill Frequency Analyzer, shown 
here, classifies and adds in 300 regis- 
ters——in one step. 


It provides data in one-half the usual 
time-—and at one-half the usual 
cost. It's one of many reasons why 
we have been providing gas, electric 
and water utilities with usage analy- 
ses for years 


Send for FREE booklet 


Get the facts about this accurate 
and economical way of analyzing 
your customers’ usage data by 
writing for a copy of “The One-Step 
Method.” 


Recording and Statistical 


Corporation 


100 Sixth Ave. New York 13,N.Y. | 
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A nomogram for sterilizing water 
mains is included in a booklet, No. 
SM-9365, entitled “Main and Emer- 
gency Sterilization.” Proportioneers, 
Inc., P.O. Box 1442, Providence, R.L., 
is the source. 


Industrial water treatment prob- 
lems and their solution are discussed in 
a 12-page booklet entitled “Your Most 
Important Raw Material” which has 
been issued by Hall Labs., Inc., Hagan 
Bldg., Pittsburgh, Pa. 


Colorimetric analysis of turbidity 
measurement with the new Lumetron 
Photoelectric Colorimeter Model 401 is 
the subject of a bulletin, No. 409, avail- 
able from Photovolt Corp., 95 Madison 
Ave., New York 16, N.Y. 


A guidebook to filing procedure 
has been issued by Remington Rand, 
Inc., 315 4th Ave., New York 10, N.Y. 
Entitled “How to Simplify Your Files 
and Filing Systems,” the 40-page 
booklet discusses each stage of han- 
dling of records and files, illustrating 
methods and equipment for use in the 
process. Rules for proper a!phabetiz- 
ing, abbreviating and spelling are in- 
cluded. Copies may be obtained from 
Frank J. Hastings at the above ad- 
dress. Ask for LBV 396 
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repairin 
bell and 
spigot 
joint leaks 


In the SKINNER-SEAL 
Bell Joint Clamp, 
gasket is completely 
SEALED and pro- 
tected by Monel Metal 
Band. Massive %” 
high-tensile steel bolts, 
cadmium plated. 

This speedy one-man 
installation cuts 

repair costs. 


Write for Catalog! 


M.B. SKINNER CO. 
South Bend 21, Indiana 
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COMING MEETINGS 


(Continued from page viti) 


October 24—-27—California Section at U.S. Grant Hotel, San Diego. 
Secretary: W. W. Aultman, Water Purif. Engr., 
Metropolitan Water Dist. of Southern California, Box 


38, La Verne, Calif. 


25-27—Michigan Section at Leland Hotel, Detroit. Secre- 
tary: T. L. Vander Velde, Asst. Engr., State Dept. of 
Health, 2609 E. Saginaw St., Lansing 12, Mich. 


26—27-——Iowa Section at Fort Des Moines Hotel, Des Moines. 
Secretary: H. V. Pedersen, Supt. of Water Works, 
Municipal Bldg., Marshalltown, Iowa. 


26-28— New Jersey Section at Hotel Madison, Atlantic City, 
N.J. Secretary: C. B. Tygert, Wallace & Tiernan 
Co., Box 178, Newark 1, N.J. 


30-31— Maritime Water Works Association at Admiral Beatty 
Hotel, St. John, New Brunswick, Canada. Secretary: 
J. D. Kline, 601 Barrington St., Halifax, N.S. 


November  1-3——Chesapeake Section at Du Pont Hotel, Wilmington, 
Del. Secretary: Carl J. Lauter, 5902 Delecarlia PI1., 
N.W., Washington 16, D.C. 


6-7—-Virginia Section at Jefferson Hotel, Richmond, Va. 
Secretary: W. H. Shewbridge, Asst. Engr., State 

~. Dept. of Health, 708 State Office Bldg., Richmond 19, 
Va. 


13-15—North Carolina Section at Washington-Duke Hotel, 
Durham, N.C. Secretary: E. C. Hubbard, Prin. San. 
Engr., State Board of Health, Raleigh, N.C. 


13-15—Joint Cuban-Florida Water and Sewage Conference 
(Cuban and Florida Sections A.W.W.A. and Florida 
Sewage Works Assn.) at Governor’s Club Hotel, 
Fort Lauderdale, Fla. 


Nov. 30-Dec. 2—Arizona Section at Pioneer Hotel, Tucson, Ariz. Sec- 


retary: Mrs. Helen Rotthaus, San. Eng. Div., State 
Dept. of Health, Phoenix, Ariz. 
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This unique photograph taken through 12 feet 
of filtered water shows the Mosaic Seal in 
the new Roberts equipped filtration plant at 
Savannah, Georgia. 

Throughout this plant, and in hundreds of 
others around the world is another seal—your 
assurance of complete dependability in water 
treatment equipment. 


MECHANICAL FQUIPMENT 
Co. 


BARDY, PENNA 


ROBERTS FILTER 
MANUFACTURING CO. 
638 Columbie Ave., Darby, Pa. 
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Index of Aduertisers’ Products 


Acidizing of Water Wells: 

Dowell Lncorporat 

Activated Carbon: 

Industrial Chemica! Sales Div. 

Aerators (Ale Diffusers): 

American Well Works 

Infico, Inc 

Permutit Co 

Walker Process Equipment, Inc. 

Alr Compressors: 

DeLaval Steam Turbine Co. 

Morse Bros. Mchy. Co 

Worthington Pump & Mach. Corp 

Alr- Lift Pumping Syatemes: 

Worthington Pump & Mach. Corp 

Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
(Chemicals Div 

General Chemical Div 

Stuart Corp 

Ammonia, Auhywdrouws: 

Ceneral Chemical Dis 

Ammeonta Keeeivers: 

Worthington Pump & Mach. Corp 

Everson Mig Corp 

Proportioneers, Inc 

Wallace & Tiernan Co., Inc 

Goods: 

American Brass Co 

Greenberg's Sons 

Hays Mig. Co 

James Jones Co 

A TP. Smith Mie. Co 

Carben Dioxide Generators: 

Infileo, Tnx 

Walker Process Equipment, Inc 

Cathedle Protection: 

Cathodic Rustproefing Co 

Dowell Inorperated (magnesium 


Flectro Rust-Proofing Corp 

Hareo Corp., Rusta Restor Div 

Cement Mortar Lining: 

Centriline Corn 

Warren Foundry & Pipe Corp 

Chemical Cleaning of Water 
Mains: 

Dowell Incorporated 

Chemical Peed Apparatus: 

Ruilders- Providence. Inx 


hran { p 
Eve m Mi Corp 
Infileo, 


Machine ¢ (Div Build- 


Simplex Valve & Meter C 

Wallace & Tiernan Inc 

Chemical Seale Removal Serv- 
lees: 

Dowel! Incorporated 


Chemists and Pngineers: 
(See Prof. Services, pp. 24-27) 
Chiertnation Equipment: 
Pr idence, Inc 
Everson Mig Corp 
Proportioneers, Inc 

Wallace & Tiernan Co, Inc 
Chierine Comparators: 
Hellige, In 

Klett Mig Co 

Propertioneers. Inc 

Wallace & Tiernan Co., Inc 


Chiorine, Liquid: 

Sales Div 

Wal lace & Tiernan Co., Inc 

Clamps and Sleeves, Pipe: 

James B. Clow & Sons 

Dresser Mig. Div. 

M_ Greenberg's Sons 

James Jones Co. 

Rensselaer Valve Co. 

Skinner, M. B., Co. 

A. P. Smith Mig. Co. 

Clamps. Bell Joint: 

Carson-Cadillac Co 

James B. Clow & Sons 

Dresser Mig. Div 

Skinner, M. B., Co. 

Clamps, Repair: 

lames B. Clow & Sons 

Dresser Mig. Div 

Skinner, M. B., Co 

Warren Foundry & Pipe Corp 

Clarifiers: 

American Well Works 

Chain Belt Co 

Cochrane Corp. 

Dorr Co 

Graver Water Conditioning Co 

Infileo, Inc 

Permutit Co 

Walker Process Equipment, Inc 

Cleaning Water Mains: 

Flexible Underground Pipe Clean 
ing Co 

National Water Main Cleaning Co 

Cocks, Curb and Corporation: 

Hays Mig. Co 

James Jones Co. 

A. P. Smith Mfg. Co 

Compressors, Portable: 

Worthington Pump & Mach. Corp. 

Condensers: 

United States Pipe & Foundry Co 

Contractors, Water Supply: 

Boyce Co., Inc. 

Layne & Bowler, Inc 

Controllers, Liquid Level, 
Kate of Flow: 

Builders-Providence, Inc 

Inc 

mplex Valve & Meter Co 
W 


Sparling 


Copper Sheets: 

American Brass Co. 

fepper Sulfate: 

General Chemical Div 
Tennessee Corp 

Corrosion Control: 

Calgon ne 

De arborn Chemical Co 
Couplings, Flexible: 
DeLaval Steam Turbine Co 
Dresser Mfg. Div 
Philadelphia Gear Works, Inc. 
Diaphragms, Pomp: 

Co 

Morse Bros. Mi hy Co 
l'roportioneers. Inc 

Engines, Hydraulic: 

Ross Valve Mig. Co 
Pingineers and Chent«ta: 
(See Prof, Services, pp. 24-27) 
Feedwater Treatment: 
Calgon, Inc 

Cochrane Corp 

Dcarborn Chemical Co 

Graver Water Conditioning Co 
Hungerford & Terry, Inc. 
Infileo, Inc. 
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Ferric Sulfate: 

Tennessee Corp 

Filter Materials: 
Johns-Manville Corp. 
Infileo, Inc 

Northern Gravel Co 
Filters, incl. Feedwater: 
Cochrane Corp 


Dorr Co 
Everson Mig. Corp 
Infilco, Inc 


Morse Bros. Mchy. Co 
Permutit Co 

Roberts Filter Miz. Co 

Ross Valve Mig Co 

Walker Process Equipment, Inc 


Filtration Plant Equipment: 

Builders-Providence, Inc 

Chain Belt Co 

Cochrane Corp 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

Infileo, Inc 

Omega Machine Co. (Div., Build 
ers Iron Fdry.) 

Roberts Filter Miz. Co 

Stuart Corp 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div 

Fittings, Copper Pipe: 

Dresser Mig. Div 

M. Greenberg's Sons 

Hays Mig. Co 

James Jones Co 

Fittings, Tees, Ells, ete.: 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

Dresser Mig. Div 

James Jones Co. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co 

United States Pipe & Foundry Co 

Warren Foundry & Pipe Corp 

R. D. Wood Co 

Flocculating Equipment: 

Chain Belt Co 

Cochrane Corp 

Dorr Co 

Infilco, Inc 

Stuart Corp 

Walker Process Equipment, Inc 

Fluoride Chemicals: 

Aluminum Co. of America. Chemi 
cals Div 

Blockson Chemical Co 

Furnaces: 

Jos. G. Pollard Co., Inc 

A. P. Smith Mfg. Co 

Furnaces, Joint Compound: 

Northrop & Co., Inc 

Gages, Liquid Level: 

Builders widence, Inc 

Infilco, 

Simplex Val ve & Meter Co 
Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Bui ders Providence, Inc 

Infileo, In 

Nort brop & Co., Inc. 

Siomples Valve & Meter Co 

R. W. Sparling 

Chicago Bridge & Iron 
Pittsburgh-Des Moines Stee! Co 
Gaskets, Rubber Packing: 
Northrop & Co., Inc 


q 
q 
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CALMET ACCURACY 


makes a WORLD of difference 


in YOUR REVENUE! 


“It has everything I need in a water meter!”” What more 
can a water man say? Long-life accuracy—low upkeep 
simplified design—frost-proof construction—dependability 
—you get them all in CALMET WATER METERS! 
And every feature is important in determining your income 
and your over-all metering cost. CALMET’S famous os- 
cillating piston, slower moving and precision balanced, is 
primarily responsible for its greater accuracy .. . accuracy 
that can make a world of difference in your revenue. Want 
more facts about this and other CALMET features? We'll 
be glad to provide these upon request. 


Standardize TODAY on the meter of TOMORROW 
CALMET! 


@ SALES REPRESENTATIVES 
Write for complete details of the 
CALMET franchise in your territory. 


ET WATER METERS 


MADE BY WILL MACHINERY & SUPPLY CO. WORTH Aas 
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ates, Shear and Sluice: 

Armco Drainage & Meta) Products, 
In 

Morse Bros. Mchy. Co. 

RK. D. Wood Co 


Gears, Speed Keducing: 
DeLaval Steam Turbine Co. 
Philadelphia Gear Works, Inc. 


Giass Standards—Colorimetric 
Analysis Equipment: 

Hellige 

Kiett Mi 

Wallace ae Tiernan Co., Inc. 


Goosenecks (with or without 
Corperation Stops): 

Hays Mig. Co 

James Jones Co. 

A. P. Smith Mig. Co. 


Hydrante: 
ames B. Clow & Sons 
Greenberg's Sons 
James ones Co. 
ennedy Valve Mig. Co. 
ohn C. Kupferle Foundry Co. 
uudiow Valve Mig. Co 
M & H Valve & Fittings Co. 
A. P. Smith Mig. Co 
Rensselaer Valve Co. 
Ross Valve Mfg. Co. 
K. D. Wood Co. 


Hydrogen lon Equipment: 
Hellige. Inc 
Wallace & Tiernan Co., Inc. 


lon Exchange Materials: 
Cochrane Corp, 

Hungerford & Terry, Inc. 
Infileo, Inc 

Permutit Co. 

Roberts Filter Mig. Co. 
Rohm & Haas Co. 


Iron Removal Plants: 

American Well Works 

Chain Belt Co, 

Cochrane Corp. 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

nfilco, Inc 

Permutit Co 

Roberts Filter Mig. Co 

Walker Process Equipment, Inc 

Welsbach Corp., Ozone Processes 
Div 

Jointing Materials: 

Atlas Mineral Products Co 

Michae! Hayman & Co., Inc 

Hydraulic Development Corp 

Leadite Co., Inc 


Northrop & Co., Inc. 
Joints, Mechanical, Pipe: 


Carson-Cadillac Co 

Cast Iron Pipe Research Assn 
Central Foundry Co 

B. Clow & Sons 

resser Mig. Div. 

United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp 

R. D. Wood Co 


laberatory Reagents: 
Ohio Research & Testing Labs 


Leak Detectors: 

Jos. G. Pollard Co., Inc 

Lime Slakers and Feeders: 
Co 

Infileo, Inc 

Omega Machine Co. (Div., Build 
ers Iron Fdry.) 

Magnesium Anodes (Corrosion 
Contrel): 

Dowell Incorporated 

uilders 


Meter Koxes: 

Art Concrete Works 

Ford Meter Box Co 
Pittsburgh Equitable Meter Div. 


Meter Couplings and Yokes: 
Badger Meter Mig Co. 

Dresser Mig. Div. 

Ford Meter Box Co. 

Hays Mfg. Co. 

Hersey Mig. Co. 

ous Jones Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 
A. P. Smith Mig. Co. 
Smith-Blair, Inc. 
Worthington-Gamon Meter Co 


Meter Reading and Kecord 
Books: 


Badger Meter Mfg. Co. 


Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mig. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 


Meters, Domestic: 

Badger Meter Mig. Co 

Buffalo Meter Co. 

Hersey Mig. Co. 

Neptune Meter Co 

Pittsburgh Equitable Meter Div 
P. Smith Mfg. Co 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 

Infileo, Inc 

Simplex Valve & Meter Co 

R. W. Sparling 


Meters, Industrial, Commer- 
celal: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Builders- Providence, Inc. 
Hersey Mig. Co 
Neptune Meter Co 
Pittsburgh Equitable Meter Div 
Simplex Valve & Meter Co 
P. Smith Mfg. Co 
R. W. Sparling 
Well Machinery & Supply Co 
Worthington-Gamon Meter Co 


Mixing Equipment: 

Chain Belt Co. 

Infileo, Inc. 

Walker Process Equipment, Inc 


Oronation Equipment: 
Welsbach Corp., Ozone Processes 
Div 


Pipe, Asbestos-Cement: 
Johns-Manville Corp. 
Keasbey & Mattison Co. 


Pipe, Brass: 
American Brass Co. 


Pipe, Cast Iron (and Fittings): 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
Central Foundry Co 

James B. Clow & Sons 

United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp. 

R. D. Wood Co 


Pipe, Cement Lined: 

Cast Iron Pipe Research Assn. 
Central Foundry Co 

James B. Clow & Sons 

United States Pipe & Foundry Co. 
Warren Foundry & Pipe Corp. 

R. D. Wood Co. 


V ol. 42, No.9 


Pipe Coatings and Linings: 
The Barrett Div. 

Cast Iron Pipe Research Assn 
Centriline Corp 

Dearborn Chemical Co. 

Koppers Co Inc 

Warren Foundry & Pipe Corp. 


Pipe, Concrete: 

American Pipe & Construction Co 
Lock Joint Pipe Co. 

Price Bros. Co, 


Pipe, Copper: 
American Brass Co 


Pipe Cutting Machines: 
Ellis & Ford Mig. Co 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co 


Pipe Jointing Materials; see 
Jointing Materials 


Pipe Locators: 
Jos. G. Pollard Co., Inc. 


Pipe, Plastic: 
Carter Products Corp. 


Pipe, Steel: 
Drainage & Metal Products, 


nc 
Bethlehem Steel Co. 


Pipelines, Submerged: 
Boyce Co., Inc. 


Plugs, Removable: 
ar B. Clow & Sons 
G. Pollard Co., Inc. 
A. P. Smith Mfg. Ce 
Warren Foundry & Pipe Corp 


Potentiometers: 
Hellige, Inc 


Pressure Regulators: 
Ross Valve Mfg. Co. 


Pumps, Boller Feed: 
DeLaval Steam Turbine Co. 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Centrifugal: 
Ameri an Well Works 
DeLaval Steam Turbine Co 
Economy Pumps, Inc. 
Morse Bros al. hy Co 
Peerless Pump Div., Food 
Machinery Corp. 


Pumps, Chemical Feed: 
Infilco, Inc 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 


Pumps, Deep Well: 

American Well Works 

Layne & Bowler. Inc 

Peerless Pump Div., Food 
Machinery Corp 

Worthington Poa & Mach. Corp. 


Pumps, Diaphragm: 
Dorr Co 

Morse Bros. Mchy. Co 
Proportioneers, Inc. 


Pumps, Hydrant: 
Jos. G. Pollard Co., Inc. 


Pumps, Hydraulic Booster: 
Ross Valve Mfg. Co. 
Pumps, Sewage: 
DeLaval Steam Turbine Co 
Economy Pumps, Inc. 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Sump 
DeLaval Steam Turbine Co 
Economy Pumps, Inc. 
Peerless Pump Div., Food 
| Machinery Corp. 


| 
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delivers water 


The cheapest way to deliver water to the 
slace where it turns into revenue is with a 
Jresser-Coupled steel line—the line that 


@ Cuts Installation Costs 
e@ Cuts Leakage Losses 
@ Cuts Maintenance Costs 


New water lines rarely follow the line of 
least resistance. In city streets, numerous 
other utility lines, often uncharted, must be 
circumvented with a minimum of inter- 
ference. Ditches must be kept narrow and 
be closed up rapidly. Pipe and joints must 
be vibration-proof. 

The longer lengths of lightweight steel 
and easy-to-install, flexible Dresser 
Couplings pay off in faster job completion, 
elimination of many costly specials and a 
generally more satisfactory job. Joining 
crews are small, need have no special skills. 
Construction can proceed in any weather. 
Joints are 100° tight—made to last. 
Glass-smooth linings assure high sustained See your Dresser Engineer or write 
carrying capacity. today for literature. 


In Somerville, Mass., this 36” steel line 
circumvented many electric conduits, 
water, sewer and gas pipes. Dresser Cou- 
plings made it possible to do this with 
little disturbance to existing structures. 


the best line at the best price. Put 


sure you get 
me pipe and Dresser Couplings in your ae... id 


— 


DRESSER 


Dresser Manufacturing Division, 59 Fisher Ave., Bradford, Pa. (One of the Dresser 
Industries). In Texas: 1121 Rothwell St., Houston. ln Canada: 629 Adelaide St., W. 
Toronto, Ont. Sales Offices: New York, Chicago, Houston, Philadelphia, San Francisco. 
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Vumps, Turbine. 
LicLaval Steam Turbine Co 
Layne & Bowler, Inc 
Peerless Pump Div., Food 
Machinery Corp 


Worthington Pump & Mach. Corp 
Hate Analysi«: 


Kecording & Statistical Corp 

Kevorders, Gas Density, 
ete.: 

Permutit Co 

Wallace & Tiernan Co., Inc 

Kecording Inatruments: 

Providence, Inc 

0 In 

K W. Sparling 

we & Tiernan Co.. Inc 

Reservoirs, Steel: 

Chicag bridge & Iron ( 

litteburgh Des Moines Stee! Co 

Sand Expansion Gages; see 


(cages 
Sleeves; see Clamps 


Sleeves and Valves, Tapping. 


James B. Clow & Sons 

& H Valve & Fittings Co 
Kenewelaer Valve 

A fF. Smith Mig. Co 


Sludge Blanket Equipment: 

Cochrane Corp 

lermatit Co 

Seda Ash: 

Solvay Sales Div 
Hexametaphosphate: 
Chemical Co 

Inc 

Softeners: 

Cochrane Corp 

Dearborn Chemical Co 

Dorr Co 

Graver Water Conditioning Co 

Hungerford & Terry, Inc 

Int 


Sodium 
Blockson 
Calgon, 


n 

Permutit Co 

Koberts Filter 

Walker Process In« 

Softentng Chemicals and Com- 
pounds: 


Mix Co 
Equipment 


Calgon, Ine 
Int », Inc 
Permutit Co 


Tenne “we Corp 


Standpipes, Steel: 

Chicag & Iron Co 
Pittsburgh Lk Maines Steel Co 
Steel Plate Construction: 
Kethiehen 
Chicago Kridue & Tron ¢ 
Pittsburgh.Des Moines Steel Co 


Meei 


Storage Tanks; see Tanks 

Strainers, Suction: 

Greenberg Sons 

R Wood Co 

Surface Wash Equipment: 

Permatit Co 

Stuart 

Swimming Peol Sterilleation: 
erson Mig. 

Omega Machine ( (Div Build- 
ers Iron Fadry.) 
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Proportioneers, Inc 
Wallace & Tiernan Co., Inc. 


Welsbach Corp., Ozone Processes 
Di 

Tanks, Steel: 

Kethiebem Steel Co 

Chicago Bridge & Iron Co 

Pittsburgh-Des Moines Steel Co 


Tapping Machines: 

Hays Mig. Co 

AP. Smith Mig. Co 

Taste and Odor Removal: 
Cochrane Corp 

i Chemical Sales Div 


Equipment, Inc 

Tiernan Co, In 

Weisbach Corp Ozone Processes 
Div 

Telemeters, Level, Pump Con- 
trol, Kate of Flew, Gate 
Position, ete.: 

Builders- Providence. In 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Hellize, Inc 

Wallace & Tiernan Co 


Turbines, Steam: 
JeLaval Stea Turbine Co 


furbines, Water: 


Inc 


JeLaval Steam Turbine Co 

Valve Boxes: 

Central | dry ( 

James B. Clow & Sons 

Ford Met Box 

M & H Valve & Fittings Co 

Rensselaer Valve Co 

A P. Smith Mig. Co 

R. D. Wood ¢ 

Valve Inserting Machines: 

A P. Smith Mfg. Co 

Valwes, Altitude: 

Golden-Anderson Valve Specialty 
Co 

Ross Valve Mig Co., In 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

James BR. & 

M. Greenberg's Sons 

M & H Valve & Fittings Co 

Rensselaer Valve ¢ 

KR. D. Wood 


Valves, Detector Check: 


Hersey Mfg. Co 

Valves, Flectrically Operated: 

James B. Clow & Sons 

Golden-Anderson Valve Specialty 
Co 

Kennedy Valve Mig. Co 

M & H Valve & Fittings Co 

Philadelphia Gear Works, In 

Ke claect ¢ 

A P. Smith Mfg. C 

Valves. Float: 

Golden-Anderson Valve Specialty 

Ross Valve Mfg. Co.. Inc 

Valves, Gate: 

Dresser Mfg. Div 


James Jones Co 
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Kennedy Valve Mfg. Co 

Ludiow Valve Mig. Co. 

M & H Valve & Fittings Co 

Rensselaer Valve Co. 

A P. Smith Mig. Co 

Rk. D. Wood Co 

Valves, Hydraulically 
ated: 

James B. Clow & Sons 

Golden-Anderson Valve 


Oper. 


Speciall 
Kennedy Valve Mig. Co 
M & H Valve & Fittings Co 
Philadelphia Gear Works, Inc 
Rensselaer Valve Co 
P. Smith Mfg. Co 
R. D. Wood Co 


Valves, Large Diameter: 

James B. Clow & Sons 

Kennedy Valve Mig. Co 

Ludlow Valve Mig. Co 

M & H Valve & Fittings Co. 

Rensselaer Valve Co 

A. P. Smith Mfg. Co 

R. D. Wood Co 

Valves. Regulating: 

Golden-Anderson Valve 
‘0. 

Ross Valve Mig Co 

Valves, Swing Check: 

James B. Clow & Sons 

Golden-Anderson Valve 
Co 

M. Greenberg's Sons 

M & H Valve & Fittings Co 

Rensselaer Valve Co 

\ Smith Mfg. Co 

R. D. Wood Co 

Waterproofing 

Dearborn Chemical Co 

Inertol ¢ Inc 

Water Softening Plants; 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc 

Water Testing Apparatus: 

Hellige, In 

Wallace & Inc 

Water Treatment Plants: 

American Well Works 


Specialty 


Specialy 


see 


Tiernan Co 


Chain Belt Co 

Chicago Bridge & Iron Co 
Dearborn Chemical Co 

Dorr Co 

Everson Mig. Corp 

Graver Water Conditioning Co 


Hungerford & Terry, Inc. 

Infilee, Ir 

Pittsburgh-Des Moines Steel Co 

Roberts Filter Mig. Co 

Stuart Corp 

Walker Process Equipment, Inc 

Wallace & Tiernan Co., Inc 

Welsbach Corp., Ozone Processes 
Dis 


Well Acidizing: 

Dowell Incorporated 

Well Drilling Contractors: 

Layne & Bowler, Inc 

Wrenches, Ratchet: 

Dresser Mig. Div 

Zeolite; see 
Materials 


lon Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by A\W.W.A. Associate Members appears in 
the 1948 Membership Directory. 
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Plants that use BUILDERS VISIBLE 
FLOW CHLORINIZERS are completely 
rid of chlorine “ice” difficulties. “Ice” 
in these chlorine gas feeders in no way 
affects their safe, accurate operation 
since vital control parts handle nothing 
but dry, inert gas. This means no bell 
jar heaters, no hot water piping, no 
water preheaters — and, best of all, it 
means simple, uniform operation at any 
and all seasons of the year. 


BUILDERS CHLORINIZERS GIVE 
YOU THESE EXTRA FEATURES: 
© no “ice” in vital control parts Model CVS 


accurate Sightflc chlorine rate 
indicator 
visible end positive evidence of BUILDERS PRODUCTS 


Sow The Venturi Meter * Propelofto and Orifice 
long life chlorine control vaive Meters * Kennison Nozzhs * Venturi 
* no tray-produced chlorine odors Filter Contvollers and Gauges * Conveyo- 
© powerful, spring-loaded shut-off vaive flo Meters * Type M and Flo-Watch Instru- 


: ments * Wheeler Filter Bottoms * Master 
For engineering information and Bul- Controllers * Chlorinizers — Chlorine Gas 


letins, address Builders-Providence, Inc. Feeders * Filter Operating Tables ° 


(Division of Builders Iron Foundry), Manemeters * Telemeters 
365 Harris Ave., Providence 1, R. I. 


130 YEARS 


BUILDERS»= PROVIDENCE 


BUILDERS IRON FOUNDRY 
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ROCKWELL 


WATER METERS 


COST LESS 
TO REPAIR 


Here is the simple arrangement of measur- 
ing chamber and gear train parts in Rock- 
well-built Empire water meters. Note there 
are only three interior castings. They assem- 
ble without the use of any screws. Fitting is 
quick, positive. The assembled mechanism 
can be tested for its free running qualities 
prior to being bolted in the meter case. 


Empire meters have fewer parts—beter parts 

—exactingly interchangeable parts. Disman- 

tling and assembly is quick, easy—to save 08 
time and money in meter shop operations. SEMBLE AS A COMPLETE 
: Thus the noted initial long life of these me- UNIT FOR INSERTION IN 
fs | ters can be economically renewed two give came 
ea, many more years of uninterrupted service 


. 


@ consteucnon 
> INTER CHANGEABILITY 


@ raers 


Rockwell 
PITTSBURGH 6, PA. 


Ationte Boston Chicogo Columbus Houston 
Kansas City Los Angeles New York 
Pittsburgh San Francisco Seottle Tulse 
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“Hey, Joe! Did you ever see a $100 bolt?” 


JOE: “What d'’ya mean, a_ hundred- 
dollar bolt?”’ 


GUS: “Just what | said. We're raising 
Number 3 Gate just now and _ this 
anchor bolt let go.”’ 


“But we put that gate in less than 
two years ago, and. 


GUS: “Yeah, I know. But we used ordi- 
nary bolts and this one’s already rusted 
through. It'll cost at least a hundred 
bucks to take that gate out, dig the old 
bolt out of the concrete and set a new 
one in.”’ 


JOE: “I guess it will. But from here out 
we don’t make that mistake twice. 
From now on everything that goes in 
is Everdur.”’ 


Most sewage and waterworks engineers hove 
discovered that the most economical way to lick 
the corrosion problem in their plants is to use 
Everdur* —-ANACONDA's copper-silicon group of 
olloys. There ore plants where equipment made 
of Everdur has been doing it for over 22 years. 

if you don't already know about Everdur, let us 
tell you about its high strength, durability and how 
easy it is to fabricate it into lightweight, low-cost 
wrought assemblies. Just ask for the Everdur 
booklets. Let our Technical Department counsel you 
on any special problems or applications. Write to 
The American Brass Company, Waterbury 20, 
Connecticut. In Canada: Anaconda American eres 
ltd., New Toronto, Ontario. 


Where corrosion resistance counts—use Everdur 


*Reg. U.S. Pat. Off. 


ANACONDA 


copper-silicon alloys 
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Jointed for .. . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—-else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material” used for bell and spigot Water 


Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 
The pioneer self-caulking material fer c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75° 


THE LEADITE COMPANY 
Girard Trust Co. Bidg. Philadelphia, Pa. 
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